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New Products, Services and Information.... 


Products and services recently an- 
nounced are described here. Also, new 
publications offered free by producers 
servicing the metalworking industry are 
listed. 


1) INGOT MOLD COATING: A new ingot mold, MEX, is 
claimed to combine the best features of an ideal 
coating with none of the undesirable characteristics. 
MEX, containing Mexican graphite, is safe, easy to use, 
gives off no fumes, and is not harmful to skin or cloth- 
ing. It contains a hydrocarbon for “gas kick” in re- 
pelling metal splash. Stripping is easier because of the 
non-wetting, lubricating action of the graphite. MEX 
will stay in suspension for hours. It costs less than ahd 
per ingot ton to use, and spray equipment is furnished 
free for testing with orders or 5 tons or more. United 
States Graphite Co. 


2) ELECTRO DYNAMIC MICROMETER: The new Electro 
Dynamic Micrometer accurately measures dynamic or 
static displacement due to eccentricity, axial vibra- 
tion, radial whip, bearing clearance, reciprocating 
movement, and radial expansion with acceleration. 
Direct reading from the micrometer head of the 
sensing unit makes calibration of electronic compo- 
nents unnecessary; and calibrations in divisions of 
0.0001 in. are provided. The osciliograph will show a 
displacement vs. time curve on the screen. Measure- 
ments are made without physical contact between 
the sensing unit and the metal body. Sensitivity is 
equal to 1 pct of total displacement. Electro Products 
Laboratories, Inc. 


3) DUST COLLECTOR: Large bulk, inflammable dusts, 
such as shavings, saw dust, chips, etc. can be col- 
lected by the new low cost “Dustbuster,” which is 
24 x 26 in. x 534 ft, weighing 240 lb, and costing $165. 
Aget-Detroit Co. 


4) FIRE EXTINGUISHER: The American-La-France 
Foamite Corp. announces a new fire killer, Foamite 
Airfoam. It is a stable, cohesive, free flowing, protein- 
base foam extinguishing agent that blankets fire 
with thick insulation, cuts off air, and smothers the 
blaze, working equally well with fresh and salt water. 
Floating on surfaces of burning liquids, it smothers 
fire without harm to petroleum products or other 
flammable liquids. 


5) MICROSCOPES: For laboratories there is available 
the new Series E research microscopes and accesso- 
ries. All models have inclined binocular bodies that 
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For further information on any product 
or for your copies of the free publica- 
tions, fill in the coupon below and send it 
to the Journal of Metals. 


can be interchanged with graduated monocular draw 


tubes for photomicrography, measuring micro-projec- 


tion, and other research applications. The draw tube 
is adjustable and graduated from 146 to 172 mm in 
tube length. Bausch & Lomb Optical Co. 


6) CASTING CLEANER: Three or four pushes on a foot 
pedal to lift and position a casting in. a vise simpli- 
fies casting cleaning with the new hydraulic vise 
manufactured by the Bayless-Kerr Co. A safety valve 
protects against overloading. Jaws can be closed with- 
out crushing or marring light castings or finished 
surfaces. 


7) MAGNETIC SEPARATOR: Eriez Mfg. Co. offers a per- 
manent magnet device for removing ferrous parts and 
contamination from electroplating tanks, alkali baths, 
acid baths, etc. Made of stainless steel it is tempera- 
ture-proof, acid and alkali-proof, and operates like 
a carpet sweeper. The unit is light, easy to handle, 
and will not attach itself to the tank. Overall length 
48 in.; widths 1614 and 21% in.; and price $35.50 for 
the smaller size and $41.50 for the larger. 


8) BAKING CORES: Model M-7200 Ther-Monic electron- 
ic core baking tunnel, with a baking cycle of only a few 
minutes and a capacity of 4 tons of cores per hr, has 
been developed by the Induction Heating Corp. It is 
capable of baking cores up to 60 in. wide with a maxi- 
mum combined height of core and core plate of 20 in. 
Conveyor speed is adjustable from 0 to 6 ft per min. 
Green cores may be loaded in the core room directly 
to conveyor, eliminating racking and much handling 
of green cores. 


9) RESISTANCE BOXES: A feature of the new ac and dc 
resistance measurement boxes manufactured by 
Leeds & Northup Co. is a new rotary switch having 
resistance of less than 0.002 ohm per decade and 
changing less than 0.0005 ohm per decade on ac- 
celerated life tests. They accommodate banana plugs, 
spade or spring clips, or bare wire of any size. 


10) WELDING ELECTRODE: A new mild steel E6012 elec- 
trode, “Fleetweld 72” is introduced by the Lincoln 
Electric Co. for high speed single pass filet and lap 
welds in the flat or horizontal positions. Unusually 
high production speeds are claimed. Available at 
standard prices in 14 and 18 in. lengths and in vari- 
ous sizes. 


11) VOLTAGE STANDARDS: Extreme stability is claimed 
for the new line of voltage standards developed by Sor- 
ensen & Co., Inc. All units are sealed and guaran- 
teed to maintain rated output for six months, elimi- 
nating batteries, standard cells or the usual regula- 
tor-rectifier combinations. 


12) TIN CONTENT INDICATOR: To determine the ratio of 
lead and tin content in solder, a new portable sensing 
reading indicator is offered by the Wheelco Instru- 
ments Co. that eliminates time consuming laboratory 
tests. Resistant to shock, heat, vibration and stray 
fields, its scale is calibrated in divisions from 0 to 7 
pet, representing tin content of solder. 


13) SPEED BRIDGE THERMOMETER: The new speed 
bridge thermometer permits following changing tem- 
peratures with moderate reading error, particularly on 
high speed units. It is encased in a 734X%12x7 in. 


carrying case with a line cord and plug for connec- 
tion to a 115 v, 60 cycle power line. Paul G. Weéiller. 


14) PYROMETER CONTROLLERS: The Wheelco Instru- 
ments Co. announces a new control system to their 
Capacitrol line of indicating pyrometer controllers. 
Designated as Model 252P, the “Capaciline”’—Capaci- 
trol combination offers a dependable low priced unit 
on heat treating, chemical, plastic, and other process- 
ing, where exceptionally close control is necessary. 


15) FREIGHT CAR FLOORING: Developed by the Armco 
Steel Corp. is a new type of freight car flooring for 
box cars, gondolas, and flat cars. Hat shaped steel ribs, 
placed across the width of the car and welded to the 
center sill, stringers, and side sill angles, alternate 
with wood planks bolted to the rib flanges. A saving 
of $26.50 per year over a 25 year period is anticipated. 
It will not sag under concentrated loads and holds 
loads up to 10,000 lb. 
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* A 12-year agreement has been made between the Armco International Steel pone | 
and the Italian Finisder Steel Corp. for a vast modernization program for I an 


industry. First project will be a $100,000,000 continuous strip mill in Genoa. 


* A plant reequipment program for Ford Motor Co., Ltd., of Ingland, will result 
in purchases of certain specialized machine tools in the United States. The bulk 
of purchases for the program will be made in the United Kingdom, but equipment not 
available will be imported from North America. Dollars have been made available 
for these essential purchases by drawing the necessary sum from the United Kingdom 
ERP allocation by arrangement with ECA. 


* A pressure-type bonding furnace, for bonding composite metal packages, consists 
of two hydraulic presses incorporated in a reducing atmosphere bonding furnace. 

One press is in the high heat zone and the other e cooling zone. ese press-— 
es assure a tight, uniform bond between gold and base metal packages, preparatory 
to rolling (p. 916). 


% Nickel-aluminum-bronze alloy, marketed under the trade name "Nikalium" is being 


used in the manufacture of shi opellors by a British firm. Some 25 propellers 

have been made of this alloy, none yet above a 34-ton size. Though more expensive 
and difficult to produce than manganese bronze, the alloy is reported considerably 
stronger. 


* A steel rolling mill, to be known as Israel Rolling Mills, Ltd. is to be built 
in the industrial zone of Haifa Bay in Israel. H. A. Brassert & Co. are consultants 
on the project. Three merchant mills are being installed now, and 6-in. billets 


will be imported. Later, an electric furnace will be added. (p. 913). 


* The proposed expansion of the Royal Netherlands blast furnaces and steelworks 
at Ymuiden, for which ECA granted about $23 million has advanced a step by the Dutch 
Government's entering a bill in Parliament to provide state aid. Plate capacity 


will be raised from 140,000 to 205,000 tons; and a tinplate plant and a new 
company for making hot rolled strip are proposed. 


* A new type of stress and strain recorder that operates in conjunction with a 
Baldwin-Southwark 100,000-lb testing machine for tensile, compression, shear, and 


bending is in use at the Naval Engineering Experiment Station, Annapolis, Md. A 
new-type microformer in the strain lifying mechanism replaces the old micrometer 
and lever system, which depended on the integrity of electrical contact. 


* A military reference listing of scientists and engineers with names, background 
and_ experience of the nation's best scientific minds has been compiled. Originally 
a project of the Office of Naval Research, the source files will be maintained by 
the National Security Resources Board as a roster of talent available in an emer- 
gency. 


* Modernizing an ancient art: Hunting arrows are being made with an aluminum 
shaft and die cast magnesium tips. Better balance, greater range and improved 


acouracy are claimed. 
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The 
Drift of Things . . 


ieee ting hearings on a proposal to in- 
crease the duty on imported crude petroleum from 
half a cent a gallon to two cents a gallon, and on 
other matters of interest to various groups in the 
mineral industry, have brought all the old familiar 
arguments about the benefits and evils of tariff pro- 
tection. As to the oil imports, the small “independent” 
oil producers and the coal producers are the chief 
protagonists for increasing the duty. They affirm that 
imported oil is making cut-throat competition which 
is driving oil and coal-mining companies out of 
business. Thousands of coal miners are jobless, the 
health of their children affected, and “even the public 
schools are imperiled.” Also, the security of the coun- 
try is threatened, for the supply lines of the imported 
oil would likely be cut in case of war, and it would 
take a long time to train miners and get domestic 
dormant mines back into operation. Much the same 
arguments, plus the complaint that foreign products 
afford unfair competition because of low labor costs 
through the use of slave or peon labor, are offered 
in arguments for increasing the tariffs on many other 
things. 

On the other side of the fence are those that feel 
that John L. Lewis, by increasing the cost of mining 
coal and by strikes which have often made coal im- 
possible to get at any price, has hurt the sale of coal 
much more than has imported oil. The suggestion 
has been made that the oil industry should send 
Mr. Lewis a bouquet of orchids every day. 

Willard Thorp, Assistant Secretary of State, in 
opposing the proposed increased tariff, maintained 
that coal has lost ground to oil and gas for over thirty 
years and that the influx of foreign oil—now slightly 
under a million barrels a day—has had limited, if 
any, force on this trend. He asserted that oil is a vital 
part of the country’s trade program; it is one of the 
ways that foreign countries pay for American exports. 
Security in case of war would be seriously threatened, 
too, for without an American outlet, foreign oil pro- 
ducers would be weakened, yet we would need their 
aid. 

Neither did Mr. Thorp think that imported oil was 
harming the domestic oil industry to any extent to 
worry about, in view of the fact that new records 
were made in drilling last year. 

The current discussion is part of the age-long 
controversy before Congress as to tariffs, subsidies, 
and price supports. On one side is the relatively small 
but insistent group of domestic producers whose 
welfare is hurt a great deal by free markets and 
absence of adequate tariff protection. Their invest- 
ments and jobs may truly be wiped out, and the com- 
munities they support may become ghost towns. 
Protection is a vital matter to them. On the other 
side are the rest of the citizens of the country, enor- 
mously greater in number but comparatively disin - 
terested because a few cents more or less that they 
pay for a few commodities does not affect them 
individually to any considerable extent. Only occa- 
sionally, such as when the Government buys up 
potatoes to keep the price up and then wastes them, 
does any considerable number of the common people 
protest. 

Congress, being made up of all kinds of people, 
from those who place the business interests of large 
groups of their constituents first to those who are 
primarily interested in what is good for the country, 
or even the world, as a whole, usually winds up by 
adopting a middle ground. _ 

In recent years there has been more of a tendency 
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as followed by Edward dL. Robie 


in the United States to break away from a local pros- 
perity or nationalistic economy to the view that what 
is best for the country as a whole should be adopted. 
Further, that what is best for the world as a whole 
may well be best for the United States. This on the 
theory that peace, generally regarded as a sine qua 
non for the happiness of the country, is best assured 
by freedom of trade and higher standards of living 
in all countries. One of the leading spokesmen for 
this point of view is Sumner H. Slichter, Harvard 
business economist, whose lead article in the June 
Atlantic, “Our Best Defense’, has aroused great 
interest. 

Dr. Slichter points out some of the economic prob- 
lems that the country must face in the next decade, 
and how the cold war with Soviet Russia can be 
handled. The two most important economic adjust- 
ments that must occur, he says, are a return of the 
prices of farm products to a long-term ‘basis of de- 
mand and supply, and more equable conditions in 
our foreign trade. Three major trends must be 
halted, he believes: the rapid rise in government ex- 
penditures, the rapid spread of government inter- 
vention in business, and the drop in the influence of 
business men in the community. 

Those who are against removal of tariff barriers, 
or favor increasing them, or who favor artificial prices 
to support domestic industries, will find little sup- 
port in the Slichter article. For instance: “Substan- 
tial increases in imports of oil, iron ore, copper, lum- 
ber, and many foodstuffs would be in the national 
interest.” “I do not assert that all of these regula- 
tions of the government are bad—though a few of 
them, such as the buying of silver, are completely 
bad, and others, such as the support of prices of farm 
products, are badly designed.” “The discussion of the 
several problems .. . has indicated again and again 
the importance of two things: great increases in pro- 
duction and a large rise in imports.” 


New Oil Bonanza 


If one turns to an ordinary atlas and tries to spot 
a certain county in Texas without the aid of an index 
he will find the job rather time-consuming for the 
Lone Star State has 264 such subdivisions, almost 100 
more than the next most “countified” state of 
Georgia. However, in the western part of Texas the 
map is not too much cluttered up with towns and 
railroads and other evidences of civilization, so it is 
not too difficult to find Scurry County. In fact, its 
county seat, Snyder, stands out as more of a town 
than its 1940 population of 3815 would indicate. Lub- 
bock, 80 miles to the northwest, was until a year and, 
a half ago, much better known, but not now, at least 
among oil men. For Snyder is the center of a new 
boom, a new oil field that may rival the famous East 
Texas field. Its population has jumped to 30,000. 
Living quarters and public utilities are being hastily 
constructed and some 4000 trailers offer temporary 
homes. 

No one knows how much oil there is underground 
but there are now some 700 wells producing from a 
reef formation 6000-7000 ft below the surface. Intel- 
ligent guesses indicate perhaps a billion and a half 
barrels of oil, more oil than was found in the first 
two years of East Texas, and more than has ever 
been found in Oklahoma, the fourth largest produc- 
ing state in the Union. The field seems to be crescent- 
shaped, some 33 miles long at present, from its 
northeast extremity in Kent County, across Scurry 
County, to its southwestern end in Borden County. 


ES 
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Increase in Quality Technical Papers 
Results in an Embarrassment of Riches 


Either a greater amount of interesting work has 
been going on in the field of the AIME which in- 
spires writers to record it for publication, or the 
various Divisional papers and programs committees 
have been much more active in soliciting such ma- 
terial. In any case, the Institute has been embar- 
rassed by a superfluity of riches in the form of good 
technical papers, but unfortunately not also in the 
form of money. Last year 475 technical papers were 
submitted for Transactions publication, compared 
with 350 in 1948 and an average of 304 in the pre- 
ceding five years. Papers accepted for publication 
last year totaled 282, compared with 209 in 1948 and 
an average of 216 in the preceding five years. Every 
year there is some carry-over of papers on which 
action has not been taken, and with the recent in- 
flux of papers, the number carried over naturally 
also increased, being 238 at the end of last De- 
cember, compared with 165 a year before, and an 
average for the preceding five years of 96. 

The publication problem that has faced the In- 
stitute so far in 1950 thus becomes evident. In 
1949, and in the years immediately preceding, the 
Directors decided to incur substantial deficits rather 
than to decline good papers for publication. For 
1950, on the other hand, with increased income from 
dues, it was felt that the budget should be balanced 
and that publication costs should not exceed avail- 
able income. In the closing months of 1949, when 
the crest of a wave of incoming papers was reached 
owing to the Annual Meeting program, a substantial 
increase in advertising income for the three journals 
for 1950 was envisaged. Therefore, larger issues of 
the journals were planned for the first quarter than 
were later justified. 


So far in 1950—that is, for the first six months— 
143 technical papers, totaling 2145 6 x 9-in. pages, 
have been published in the three journals, compared 
with 228 papers, totaling 3343 pages, for the entire 
year 1949. (The number of pages in 1950 and 1949 
has been multiplied by 1.9 to make the data com- 
parable to that for earlier years when the page size 
was 6 x 9 in., in the accompanying table.) 

In brief, many more papers are available for pub- 
lication in the last half of 1950 than can be pub- 
lished with the available funds. A restriction in the 
number to be published, or in the total number of 
pages they occupy, is therefore in order. Auxiliary 
publication committees are being urged: (1) To limit 
acceptances of Transactions material strictly to 
Grade A. papers. (2) To urge maximum condensa- 
tion of papers. (3) To advise Institute headquarters 
which papers can be postponed for publication in 
1951 and which should be published promptly. 

Papers are ordinarily written for two purposes: 
(1) To present at meetings. (2) For publication. 
Most of those on the technical programs for technical 
sessions of the Institute are prepared with the idea of 
publication as well as presentation; practically none 
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are prepared for publication only. A paper is ordin- 
arily condensed considerably when presented orally. 
It is entirely possible, also, to limit publication to a 
concise statement of facts, implications, and conclu- 
sions. Supporting data, or a more complete paper, can 
be made available through microfilm, through deposi- 
tion in central libraries, by direct contact with the 
author, or by private publication or distribution. 
The accompanying table compares the major pro- 
fessional interests of AIME members with the num- 
ber of pages of Transactions papers that have been 
published in recent years on subjects of principal 
interest to them. Apparent illogicalities can be im- 
mediately noted. No exact or even approximate 
agreement between the percentage of AIME members 
in a certain professional group and the number of 
papers directed to the specific interests of that group 
should be expected. The main reason for lack of 
what» might be expected to be a reasonable propor- 
tionality is a relatively greater amount of research, 
and other types of work that lead to papers, in some 
fields of endeavor than in others. This is conspicu- 
ously true for the Institute of Metals Division and 
its papers on physical metallurgy. The Minerals 
Beneficiation Division has also recently had more 
than its usual number of research-type papers to 


Pages of Transactions Papers 


(Major Divisional interest of membership, as in- 
dicated by cards returned to AIME headquarters, 
is given for comparison. Pages of Transactions 
material published in 1949 and 1950 have been 
multiplied by 1.9 to make the data comparable 
with earlier years when the page size was 6 x 9 in.) 


Pet. of 
AIME First Aver- 
Mem- . 6 age 
ber- Months 1943- 
Name of Division ship 1950 1949 1948 1947 
Mining, Geology, & 

Geophysics ......... 27.9 162 218 316 239 
(Mining Subdivision).. (95) (190) (177) (105) 
(Geology Subdivision) (59) (0) (124) (86) 
(Geophysics Subdivi- 

BION) Wie cot ce eee (8) (28) (15) (47) 

Minerals Beneficiation. . Tz 175 97 190 194 
Oali aidacmirae oumae ter 8.6 102 347 324 151 
Industrial Minerals 3.6 152 204 60 106 
TOTAL MINING 
BRANCH vice cea s 47.3 591 866 890 690 
Extractive Metallurgy... 6.4 226 305 49 43) 
Iron and Steel ......... 8.2 241 172 444* 518* 
Institute of Metals .... 11.7 742* 1400* 1310 Bil 
TOTAL METALS 
BRAN CH Sieseat tee 26.3 1209 1877 1803 1104 


PETROLEUM BRANCH 24.2 345 600 44 
Mineral Industry Edu- : Bree 


Cation woes 0.6 0 0 
Mineral Economics. sks 0 0 b is 
TOTAL Siva. dae. eee 100.0 2145 3343 3144 2107 


* Ferrous physical metallurgy papers were credited ‘ 

eee Ane eee poe aoe the middle of the yeaw19dn; 
er all physical metallur apers 

the Institute of Metals Division. Bee Bier Sabres edkto 
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offer. It has not been the policy of the Institute to 


accept poor papers just because good papers in the 
field covered were scarce. 


It should also be noted that interests of many In- 

stitute members spread over several Divisions. For 
instance, most members of the Industrial Minerals 
Division—a commodity Division—are also interested 
in papers of the Mining and Minerals Beneficiation 
Divisions. 
. With the more complete organization of the AIME 
into its present ten Divisions several of these Divi- 
sions are doing, and are going to do, a better job 
of securing good papers representative of progress 
in their fields. Further, they are going to expect that 
the best of these papers will be published, and that 
they will get a fair share of the total. Appropriate 
Officials and committees of the Institute will do their 
best in the coming months to estimate what the sup- 
ply of good papers from the various Divisions will be 
and to make appropriate allocations of publication 
funds for 1951. Divisional papers and programs and 
auxiliary publications committees will be consulted 
and when the decision is made will then know ap- 
proximately how much material emanating from 
them can be published. They can then govern their 
solicitation and recommendations for acceptance of 
papers accordingly. 


W. Peirce, J. Gillson, M. Haider 
Head 1951 Ticket of AIME Nominees 


O. B. J. Fraser, Chairman of the Nominating Com- 
mittee, has announced nominations for President, 
Vice-President, and Directors for 1951. As provided in 
Art. IX, Sec. 2, of the bylaws, 25 members or associate 
members may sign and transmit to the Secretary’s 
office prior to Sept. 1 “any complete or partial ticket 
of nominees.” 


In such instance, a letter ballot will be forwarded 
to all members in the United States, Canada, and 
Mexico, tabulating both the official ballot and any 
supplementary nominations. If no supplementary 
nominations are thus received, no letter ballot will 
be printed, and nominees on the official ballot shall 
be declared duly elected at the meeting of the board 
of directors or the executive committee in November. 


Nominees for the various offices include: W. M. 
Peirce, President; J. L. Gillson, Vice-President; M. L. 
Haider, Vice-President; and T. G. Moore, C. E. Lawall, 
J. F. Myers, F. W. Libbey, and A. C. Rubel, Directors. 


For President 


Willis McGerald Peirce, member of the AIME since 
1927, is Assistant to the General Manager of the 
Technical Dept. of the New Jersey Zinc Co., Palmer- 
ton, Pa. He has been with the company since 1920 
when he received his M.S. degree from Yale. His BS. 
was earned at the University of Illinois. He is well 
known for his work on zinc and for the research or- 
ganization he has built up. Mr. Peirce was Chairman 
of the Institute of Metals Div., in 1935, IMD lecturer 
in 1944, served as Director of the AIME from 1937 to 
1943 and from 1949 to date, and as Vice-President 
from 1940 to 1943. 


For Vice-President 


Joseph Lincoln Gillson became an AIME member in 
1923, when he was an instructor in Mineralogy and 
Petrography at MIT. He had received his B.S. and 
M.A. degrees from Northwestern and his M.S. from 
MIT, where, by 1928, he was an Associate Professor. 
The following year he returned to Northwestern, as 
Associate Professor of Economic Geciogy. In 1930 he 


joined E. I. du Pont de Nemecurs & Co., Wilmington, 


Del. Mr. Gillson was Chairman of the Industrial 
Minerals Div., AIME, in 1947, and was recently Chair- 
man of the AIME Committee on Democratization. 


Michael L. Haider was Chairman of the publications 
committee of the AIME Petroleum Div., for several 
years, Chairman of the Petroleum Div., in 1945, and 
active on numerous other committees. He is Vice- 
President and General Manager of the Production 
Dept. of the Imperial Oil Co. Ltd., Toronto, going 
there about four years ago from the Standard Oil 
Co. (N.J.). After graduation from Stanford in 1927, 
he worked for the Portland Cement Co., the Richfield 
Oil Co., and the Carter Oil Co. 


For Director 


Thomas Gaunt Moore began his present association 
with the American Metal Co., New York, in 1935 as 
Field Engineer in the Mining Dept. Following gradu- 
ation from Harvard in 1931, he became Geologist in 
charge of the Morococha mine of Cerro de Pasco. 
After three years in Peru, he returned to the Har- 
vard graduate school for his Ph.D., which he was 
granted in 1936. Mr. Moore has been active in New 
York Section affairs and was Section Chairman in 
1948. 


Charles E. Lawall, Assistant Vice-President of coal 
properties for the Chesapeake & Ohio Railway, Hunt- 
ington, W. Va., was Chairman of the Coal Division, 
AIME, in 1940, and, with a membership dating back 
to 1914, has been active in AIME affairs and a fre- 
quent contributor to technical literature. Dr. Lawall 
was made President of West Virginia University in 
1939, having been Director of its School of Mines. He 
had been associated with Pittsburgh Testing Labora- 
tories, New Jersey Zine Co., Bethlehem Steel Co., and 
Lehigh University. 


John F. Myers, Superintendent of Concentration for 
the Tennessee Copper Co., Copperhill, Tenn., is one 
of those who made the organization of the Minerals 
Beneficiation Div., AIME, a fait accompli in 1948, and 
was its first Chairman. Mr. Myers graduated from 
Colorado School of Mines in 1913 and went to work 
for the Butte & Superior Copper Co. He was with 
American Zinc Co. of Tennessee for a year and New 
Jersey Zine Co. for 11 years, joining Tennessee Cop- 
per in 1926 as Superintendent of Milling. 


Fay W. Libbey, with the Dept. of Geology and Min- 
eral Industries of the State of Oregon in Portland, 
made his entrance into the mining field in 1906 as 
night foreman for the Nipissing Mines Co., Cobalt, 
Ont. Two years later he was Superintendent of Vul- 
ture Mines Co., Wickenburg, Ariz., going from there 
to the custom assay office in Phoenix, and then into 
mine leasing, oil field work, and consulting. He was 
Chairman of the Oregon Section in 1942. 


Albert C. Rubel, Vice-President of the Union Oil Co. 
of California, Los Angeles, got his B.S. from the Uni- 
versity of Arizona in time to be assayer for Magma 
Copper for three months before going into the Army 
in 1917. After separation from the 304th Engineers, 
he became Geologist for the Commonwealth Petro- 
leum Co. and then the Richmond Levering Co. In 
1923 he joined Union Oil Co. as a Geologist, becoming 
a Director in 1936. 


Metals Divisions Nominate 1951 Officers 


Extractive Metallurgy Division: Chairman, T. D. 
Jones; Secretary, E. O. Kirkendall; Executive Com- 
mittee (until 1954), L. P. Davidson, R. D. Bradford. 


Industrial Minerals Division: Chairman, A. B. Cum- 
mins; Secretary-Treasurer, D. G. Runner; South- 
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eastern Vice-Chairman, T. L. Kesler; Rocky Moun- 
tain Vice-Chairman, Eugene Callaghan, Eastern 
Vice-Chairman, H. M. Bannerman, Canadian Vice- 
Chairman, George F. Jenkins; Western Vice-Chair- 
man, A. C. Bartell; Executive Committee, R. B. Dott, 
J. A. Barr, Sr., with Paul H. Price as alternate, G. R. 
Gwinn. 


Institute of Metals Division: Chairman, R. M. Brick; 
Sr. Vice-chairman, W. A. Dean; Vice-chairman, JEL: 
Scaff; Secretary, E. O. Kirkendall; Executive Com- 
mittee, J. B. Austin, W. R. Hibbard, Jr., C. H. Samans. 


Iron and Steel Division: Chairman, T. L. Joseph; 
Vice-chairmen, W. C. Kitto, J. B. Austin, E. K. Miller; 
Executive Committee (until 1954): R. W. Campbell, 
J. A. Bowers, F. L. Toy. 


Mineral Economics Division: Chairman, Richard J. 
Lund; Vice-chairmen, Granville S. Borden, Julian W. 
Feiss, Robert P. Koenig; Secretary-Treasurer, John 
H. Melvin; Executive Committee (until 1954), Evan 
Just, Russell H. Bennett, George W. Josephson. 


“Research in Progress" 
Headlines IMD Fall Meeting, 
To Be Held With Metal Show 


“Research in Progress,’ a new feature to be in- 
cluded in the fall meeting program of the Institute 
of Metals Div., will be based on reports of investiga- 
tions not sufficiently complete to warrant publica- 
tion as a technical paper for AIME Transactions. The 
presentation of such reports, followed by discussion, 
may be of considerable value to the investigator as 
well as to others working along similar lines. 

Those wishing to participate in this particular fea- 
ture of the fall meeting, to be held Oct. 23 to 25 at 
the Sheraton Hotel, Chicago, should advise Ernest 
Kirkendall, Secretary of the Institute of Metals Div., 
by Aug. 1. Prior to Aug. 15, three copies of an ab- 
stract, not to exceed 500 words, should be submitted. 
To stimulate interest and discussion, as well as pro- 
vide members with an idea of what will be discussed 
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at the meeting, these pete will appear in the 
issue of JOURNAL OF METALS. 

See to provide greater service through more 
valuable meetings, has expanded its program com- 
mittee. In addition to two vice-chairmen to arrange 
the traditional type sessions, based on Transactions 
papers, a vice-chairman has been appointed to aid 
Local Sections in obtaining speakers, and a vice- 
chairman has been appointed to arrange special 
sessions based on non-Transactions papers. Typical 
of the latter group were the Tube Production Prac- 
tice Symposium, the symposium on Solidification of 
Metals and Alloys, and the informal evening session 
on Recrystallization and Grain Growth, at the An- 
nual Meeting last February. 

“Research in Progress” reports may be part of the 
regular presentations of technical papers, or may be 
part of a special session either as a symposium or 
an informal session, depending upon the subject mat- 
ter covered. 


Quota Set at 2500 New Members 


“By February, 1951, 2500 new members is our aim,” 
says James A. Douglas, national chairman of the 
AIME membership committee. “This goal can be 
reached by the combined efforts of the Local Sec- 
tion membership committees, and the divisional 
committees with direction and coordination from 
our committee and the New York office,” he con- 
tinued. “This quota of 2500 is 15 pct of the Institute 
meinbership and is 1000 more members than joined 
in 1941. 

“Each Local Section will be given a quota of 15 pet 
of its membership as a new member target. They will 
be requested to accept this figure or suggest a quota 
of their own choosing. A program of attack, success- 
fully used by the New York Section in 1949, has been 
outlined and forwarded to the sections for their con- 
sideration. The overall campaign will be based on 
teamwork and personal contact.” 

Mr. Douglas, while acting as membership chairman 
for the New York Local Section in 1949, accounted for 
150 new members. 


New Uses for Electronic "Wizards" 
Foreseen by RCA Lab. Scientist 


Electronic “wizards”, which can break seconds into 
a million parts, measure the time it takes a high- 
velocity bullet to travel an inch, speed the location 
of oil beneath the ground, and even solve compli- 
cated dietary problems, were described by Cyril N. 
Hoyler, research engineer of the RCA Laboratories, 


Princeton, N. J., at the Iron and Steel Div., AIME 
dinner on May 24. 


Cyril N. Hoyler 


The high-speed counter or interval timer, using 
a basic circuit found in a great many electronic com- 
puting devices, has a capacity of 100,000 counts a 
second in the commercial model and up to 10,000,000 
counts a second in certain laboratory models. By 
linking the timer with photoelectric cells, activated 
by the interruption of light beams, the very high 
speeds of modern projectiles may be accurately 
measured. 

Mr. Hoyler discussed the RCA Antennalyzer, an 
electronic device which solves the equations used in 
the design of a directional antenna system for broad- 
casting. The analogue computer, an electronic brain, 
can solve ten equations simultaneously and is a 
great help in measuring the sound waves projected 
through a number of strata of different materials in 
the never-ending search for oil. 


Israel Merchant Mill to Roll 
Merchant Products; Melt Shop Planned 


A $3,000,000 steel plant to be known as Israel Roll- 
ing Mills, Ltd., is under construction in the industrial 
zone of Haifa Bay, Israel. Solel Boneh, the workers’ 
union, arranged the financing of the project, and 
H. A. Brassert Co., New York, is handling the engi- 
neering work. 

Three rolling mills are under construction. A three- 
stand, three-high, 18-in. merchant mill, which will 
take 6-in. billets, will roll small structurals, bars, 
flats, small channels, and smaller billets for other 
mills. A five-stand, three-high, 12 in. and a four- 
stand, three-high, 10-in. merchant and rod mill will 
roll smaller sections, such as angles, tees, bars, and 
rod sizes down to No. 5 rod. 

The required 6-in. billets will be imported, possibly 
from Belgium or Yugoslavia and reheated in furnace 
equipment at the plant. Total capacity of the three 
mills is expected to be about 60,000 tons of finished 
product per year. Electrical equipment, rolls, and 
one furnace are yet to be purchased, auite likely in 
the United States. ‘ia 


The rolling mills were built by Demag of Germany 
shortly after the war for delivery to Japan. The 
equipment was impounded at Dunkirk, and subse- 
quently purchased and delivered to Israel. 


It 1s subsequently planned to add electric furnace 
melting capacity for producing the required 6-in. bil- 
lets. Scrap is being stockpiled in preparation for the 
completion of the project. Much of the scrap was 
procured in North Africa shortly after the war, and 
the stockpiling program is being continued. 


Alcoa's Texas Aluminum Plant 
Uses Natural Gas as Power Source 


The Pt. Comfort, Texas, aluminum reduction plant, 
which started operations earlier this year, uses nat- 
ural gas for a power source. By means of generators 
driven by internal combustion engines, nominal 
generating capacity of the plant is set at 120,000 kw. 
Natural pressure of 400 to 500 psi is reduced in two 
stages to 60 lb, with a regulator at each engine 
further reducing the intake pressure to about 6 lb. 


Each engine consumes 13,000 cu ft per hr under 
load, making normal gas consumption of the plant 
about 30,000,000 cu ft per day. Under normal operat- 
ing conditions, the total output of the power plant 
will be about 2,750,000 kw-hr per day. 

Except for short periods during World War II and 
the early days of the aluminum industry, hydro- 
electric power has been used for the production of 
aluminum in Alcoa plants. Low cost power being 
an important consideration in the economical pro- 
duction of aluminum, Pt. Comfort, with its natural 
gas, was chosen for the construction of the new 
plant. Gas is received from both off-shore and on- 
shore wells. One source is near Francitas, Tex., and 
another is from Matagorda Bay. 


The Pt. Comfort plant has a rated capacity of 
114,000,000 lb of aluminum per year. Alumina, not 
made at Pt. Comfort, is shipped in from other Alcoa 
operations. 


Allegheny-Ludlum To Expand Flat 
Rolling Facilities, Add Research Lab 


A $23,600,000 plant improvement program, to be 
completed in three years, has been inaugurated by 
the Allegheny-Ludlum Steel Corp., to bring into line 
with its melting capacity the company’s flat rolling 
facilities. This program is in addition to a five-year 
program costing $30,000,000 started immediately after 
the war and now in the final stages of completion. 

The new facilities, including a new hot strip mill 
and additional cold rolling facilities at the Bracken- 
ridge, Pa., plant and additional cold rolling equip- 
ment at the West Leechburg, Pa., plant, will keep the 
company’s manufacturing capacity in step with 
changing and increasing demands for high alloy and 
electrical steels. Further, it will more fully utilize 
the company’s melting capacity, broaden the product 
range, and improve the quality of product. 

The new program also includes the construction of 
a new research laboratory near Brackenridge. This 
lab building will be built of stainless steel curtain- 
walls, and provide the latest facilities for all phases 
of metallurgical research into high alloy and other 
specialty steels. 


Nothing Is Impossible 


A young scientific friend of ours, impressed with the 
marvels of the atomic age, says he is planning an 
investigation of the behavior of metals in the tem- 
perature range just below absolute zero. 
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Total AIME membership on Mar. 31, 1950, was 16,397; in 
addition 4037 Student Associates were enrolled. 


ADMISSIONS COMMITTEE 


E. C. Meagher, Chairman; Albert J. Phillips, Vice-Chair- 
man; George B. Corless, H. P. Croft, Lloyd C. Gibson, Ivan 
A. Given, F. W. Hanson, T. D. Jones, P. Malozemoff, Rich- 
ard D. Mollison, and John Sherman. 


Institute members are urged to review this list as soon as 
the issue is received and immediately to wire the Secre- 
tary’s office, night message collect, if objection is offered 
to the admission of any applicant. Details of the objection 
should follow by mail. The Institute desires to extend 
its privileges to every person to whom it can be of service 
wea does not désire to admit persons unless they are quali- 

ed. 


In the following list C/S means change of status; R, re- 
instatement; M, Member; J, Junior Member; AM, Associate 
Member; 8, Student Associate. 


Alabama 
Florence—Bhasin, Krishan K. (C/S—S-J). 


California 
Berkeley—Tietz, Thomas E. (C/S—S-J). 


‘Colorado 
Pueblo—Smith, Rudolph. (M). 


Delaware 
Wilmington—Tully, John N. (M). 


THlinois 


Chicago—Bumps, Edson S. (J). Deacon, Alexander J., Jr. 
(M). Stone, Joseph K., Jr. (M). 


New Jersey 

Carteret—Osmus, William H. (C/S—S-J). 
Mahwah—Hopkins, William E. (C/S—S-J). 
Tenafly—Conover, A. E. (A). 


Proposed for Membership —Metals Branch AIME——— 


New Mexico 
Carlsbad—Harty, Hershel A. (M). 


New York 
New York—Cadoff, Irving B. (J). Warren, Edwin T. (M). 
Upton—Atherton, James E., Jr. (J). 


Ohio 
Youngstown—Burnett, William H. (M). 


Pennsylvania 

Dravosburg—Hunter, Harry B. (C/S—S-J). 
Elwood City—Bagosi, Joseph W. (C/S—S-J). 
Erie—Curley, John F. (C/S—S-J). 
Gettysburg—Ward, Frederic R. (M). 
Library—Shaw, Earl B. (A). 
Palmerton—Bechdolt, William R. (J). 
York—Hofman, Herman J. (R—M). 


Texas 
El Paso—Donoso, Julius J. (M). MacCallum, Frank K. (A). 


Virginia 

Arlington—Digges, Thomas G. (M). Geil, Glen W. (M). 
Mexico 

Valle-Mexico—Vargas, Fernando G. (M). 
Australia 

Port Pirie—McMaster, James G. (R,C/S—S-M). 
England 

Leeds—Hargreaves, Roger. (C/S—JFA-A). 
France 

Bellevwe—Oketani, Shigueo. (M). 

Japan 


Tokyo—Kasahara, Tamio. (R,C/S—A-M). 
Yokahama—Tomiyama, Hitaro. (A). 


JULY 1950, JOURNAL OF METALS—91I5 


Modern Composite Metals 


@ *lecules of metal 
» ofalloying solid 


» of water 
« of orf 
Micelles of 2nd solid 


Other materials indicated by 
chemical symbols 


by Sidney Siegel 


Fig. 1—Various materials adhere to a metal sur- 
face, such as gases, alloy, water, and alloyed solids. 


ANY new techniques for the bonding to- 

gether of precious metals to base metal and 
of various types of base metals to base ‘metal 
have been developed since the invention of Shef- 
field Plate” as requirements have been developed 
for materials with properties unobtainable in 
solid metals or as the economics of such material 
dictated. For many of these composites, the in- 
herent metallurgical characteristics of the ma- 
terials involved have been so greatly divergent 
that much scientific skill and ingenuity have 
been required to develop techniques that would 
permit bonding and subsequent working of the 
bonded metal. 

Many theories have evolved recently that at- 
tempt to explain the bonding of metals and illus- 
trate how these principles are applied in the 
manufacture of composite or clad metals. 

The basic requirements for a bond between two 
solid metals are the same no matter what the 
metals are, and the bonding is of the same nature 


Sidney Siegel is development engineer, General Plate 
Div., Metals & Controls Corp., Attleboro, Mass. 


ET 
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as the forces which hold the different portions of 
any solid metallic matter together. These forces 
stem from the electromagnetic field of force 
which surrounds metal atoms and which is 
weakly attractive at distances of 10 to 20 atomic 
diameters, becomes a maximum at a critical 
atomic distance, and finally becomes repulsive 
upon closer approach. 

When two metal surfaces approach each other, 
even the smuothest ground finish is so rough 
from an atomic point of view that they come 
into actual contact on only a very few points 
and resist any attempt to cause them to ap- 
proach more closely. When the repulsive forces 
which are set up at these points are equal to the 
attractive forces elsewhere on the surfaces, such 
a system is at equilibrium. 

When the two metal surfaces are pushed to- 
gether under external pressure, a relatively few 
Contact Areas of Repulsion must withstand the 
full applied load and, consequently, these few 
points are under an enormous pressure. As a 
result, the compressive strength of the material 
is exceeded, plastic deformation takes place, and 
there is an increase in the size and number 
of the Contact Areas of Repulsion. When the ap- 


plied load is released, some of these enlarged 
Contact Areas of Repulsion become contact areas 
at equilibrium (i.e. bonded zones) as the dis- 
tances between the two surfaces at these zones 
expand to the equilibrium distance and the metal 
deforms elastically. 

The bonding temperature plays an important 
role here, since the compressive strength of 
metals falls off rapidly with temperature and 
the surfaces can be made to conform more read- 
ily at high temperatures. Secondly, with high 
bonding temperature atomic mobility is in- 
creased, thus promoting the migration of base 
metal atoms into the submicroscopic voids which 
undoubtedly exist between contact areas at the 
bond line in the early stages of bonding’, and 
also increasing the rate of diffusion of contam- 
inants away from the bond line. It is important 
to recognize that atomic contact between the two 
surfaces is essential for diffusion phenomena to 
take place since diffusion cannot occur over large 
open areas. This movement of atoms into the 
voids occurs as a result of surface tension forces 
which operate to cause a spheroidization of the 
voids and a decrease in void size. Since the dif- 
fusion rate of metals is markedly affected by re- 
crystallization or phase change, choice of bond- 
ing temperature with due regard for these phen- 
omena is indicated. 

To this point, solid phase bonding mechanism 
of ideal metal surfaces has been considered. In 
practice, metals always have adsorbed layers of 
gases, liquids, or solids, or combinations of such 
layers at their surface. These contaminants at- 
tach themselves to the metal as a result of the 
unbalanced atomic forces present at a metal sur- 
face, which become evident as surface tension 
or interfacial tension effects. 

The nature of the forces present at a metal 
surface is complex, and will not be discussed 
deeply here. However, it may be stated that ad- 


sorbed layers may be of the van der Waals 
adsorption type, which is a physical attraction 
usually of monomolecular layers, in which the 
energy of attraction is relatively small; or may 
be of the activated or chemisorption type in 
which there is a higher energy of attraction and 
more stable bonding. In addition, polar mole- 
cules may be attracted by the dipole moment at 
the surface of the metal. 

Liddiard2 has presented a diagram, fig. 1, in 
which he schematically indicates some of the 
various materials that adhere to a metal surface. 
Starting from the left-hand side of the diagram, 
a pocket of air is indicated, containing molecules 
of carbon dioxide, nitrogen, oxygen, etc., some of 
them forming an adsorbed layer on the metal. 
The crosslined circles represent an overall film 
of oil. In the lower right-hand section, a trapped 
water pocket is indicated, again exhibiting ad- 
sorption at the metal surface. At the oil-water 
interface, there is a mutual repulsion force. Be- 
cause of the lower surface tension of oils, there 
would be undoubtedly a greater attraction be- 
tween the oil and the metal surface than be- 
tween the water and metal. 

Several systems of solid deposit are shown. In 
the air pocket there is a sulphur dioxide mole- 
cule which in the presence of moisture would 
combine with the metal and form a sulphide. 
This is a direct chemical combination resulting 
in a stable compound. In the area D7, 8, 9, ET, 8, 
9, alloying of another solid with the metal is 
shown, which is not a chemical combination but 
a physical solid solution of one metal in another. 
Just above the alloyed area are represented three 
large micelles (i.e. large groupings of molecules) 
which can take on an electric charge opposite 
to the charge at the surface of the metal and 
are attracted to the metal with a force that de- 
pends upon their size and the nature of the elec- 
tric charge. This picture merely gives a general 


Fig. 2 


Fig. 4 


One bonding technique in composite metal p: ion i i 
) production is to weld around the periphery of two or 
more slabs of metal, as shown in fig. 2. After heating, the composite slab is hot-rolled, as shown 


in fig. 3, where the 


package is shown entering the mill. Fig. 4 shows the completed composite metal 


strip after a series of reductions, during which time it has been rolled down to desired thickness. 
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conception of the complex situation existing at 
a metal surface. 


All such layers, with the exception of the layer 
of alloyed metal, will interfere to some extent 
with the formation of metal to metal contact and 
should be removed before bonding. Degreasing 
chemical cleaning, such as pickling; and me- 
chanical means, such as grinding, can minimize 
these layers, although they are never completely 
removed. Fortunately, as shown by Kinzel® in 
his paper on “Solid Phase Welding,” metal oxides 
such as Fe,0, can readily diffuse away from the 
bond line into the metal as a function of time 
and temperature. Durst‘ has observed that cop- 
per oxide also diffuses away from the bond line 
and feels that the speed with which the oxide 
disappears seems to increase with pressure as 
well as with high temperature. Such films, there- 
fore, do not make bonding impossible, although 
their presence is undesirable. 


A relatively recent and effective method of re- 
moving sorbed surface layers is the use of high 
temperature in a reducing atmosphere. Still an- 
other technique is to utilize shear forces such as 
are set up by twisting, upsetting in a press, or 
hot rolling two metals together to rupture and 
spread out the surface layers. Cooke and Levy® 
in a method suggested to them by shear experi- 
ments of Durst recently described a twisting pro- 
cedure for bonding aluminum to steel or stainless 
steel. In this process the aluminum oxide which 
is inevitably present on the surface of aluminum 
presumably is sheared and pierced by the twist- 
ing so that virgin metal surfaces come into con- 
tact and effect a bond between the metals. This 
technique of employing shear forces has been 
known for some time. The same authors, how- 
ever, have also found that it is possible under 
somewhat more restricted conditions to form a 
bond between aluminum and steel without any 
lateral movement. This technique is somewhat 
more difficult to understand and may depend 
upon diffusion of the aluminum oxide into the 
base metal. 


Bonding Techniques 


Composite metal manufacturers employ two 
different solid phase bonding techniques. One 
method is to clean and assemble the two metals, 
protect the mating surfaces from oxidation, and 
then hot press them at a temperature below the 
solidus of either metal. Rolling of the metals is 
done subsequently. A second procedure is to as- 
assemble the two metals by welding around the 
periphery to exclude oxygen, heat the package, 
and then hot roll the composite ingot. The se- 
quence of this technique is shown in figs. = Bae 
and 4. In this procedure, the hot rolling not only 
supplies the necessary pressure to bring the sur- 
faces of the two metals in contact, but elongates 
the mating surfaces with the beneficial effects 
on rupturing interfacial layers. In addition, the 
hot rolling of the composite ingot brings the ma- 
terial further down towards the thickness ; at 
which it is to be used. This solid phase bonding 
procedure is particularly useful for manufactur- 
ing composites wherein both metals invoived melt 
at approximately the same temperature, such as 
stainless steel on plain carbon steel, the various 
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chromium alloys on invar which are used for 
thermostatic applications, nickel on iron, etc. 


Thus far, only solid phase bonding has been 
discussed. For many combinations of metals it 
is much more convenient to utilize the presence 
of a liquid at the bond line. The problem of bring- 
ing the atoms of a liquid in contact with those of 
a solid metal is obviously much more easily 
solved since liquids, by their nature, are more 
mobile than solids. The situation resolves itself 
to a question of wetting, which can be measured 
physically by observation of the contact angle 
made by the liquid on the metal. If the contact 
angle is zero, the liquid attracts the solid as much 
as or more than it attracts itself. If the contact 
angle is 90°, the attraction of the liquid for the 
solid is half that for itself, while a 180° contact 
angle indicates no adhesion between the liquid 
and the solid. Angles of 180° have never been 
found in nature. 


The smaller the contact angle, the greater is 
the wetting or spreading of a liquid metal. The 
spreading is affected also by the contour of the 
solid surface, as can be easily observed by heat- 
ing a measured quantity of soliver solder on a 
piece of polished copper and comparing the area 
over which the solder spreads with the area when 
the same experiment is performed on a piece of 
copper that has been grooved by grinding with 
an abrasive belt. Each scratch mark acts as a 
capillary, which increases the tendency of the 
solder to flow. 

The problem of removing contaminants from 
the interface exists in liquid phase bonding too, 
but here the possibility of using a flux is added 
to the other techniques described for removing 
oxides. 


Bonding Gold Plate 


The bonding of gold plate for the jewelry in- 
dustry and silver on base metal for the electrical 
and chemical industries are accomplished by 
techniques that vary all the way from completely 
liquid through liquid-solid to sold phase bonding. 
These may be used to illustrate the advantages 
and disadvantages of the various methods. Gold 
plate to be used for jewelry applications requires 
an extremely fussy bonding technique since the 
overlay of gold on base metal is so thin when the 
material is finished (less than 0.0005 in. in many 
applications) that the slightest imperfection in 
the bond will show through on the highly pol- 
ished surface. Tiny unbonded areas, which would 
not be visible-on material with heavy overlays 
and which certainly affect the overall bond 
strength very little, show up as undesirable blis- 
ters when such material is annealed. Hence, the 
insistence on absolute cleanliness of mating sur- 
faces and edges, which are usually cleaned on 
abrasive belts just before assembling. Such com- 
posite metals may be bonded by a solid phase 
welding technique’ dry bonding or may be bonded 
with the help of a thin foil of silver solder of 
long plastic range which is heated to a tempera- 
ture between its liquidus and solidus moist bond- 
ing, or through the use of a silver solder, which 
becomes completely liquid at the temperature of 
bonding wet bonding. As might be expected, the 
pressures required in these three methods are 
highest for solid phase bonding and decrease 


Fig. 5—The latest de- 
velopment in gold 
plate bonding is this 
special protective at- 
mosphere bonding 
furnace where the as- 
sembled packages are 
pressed while being 
heated and re-pressed 
in the cooling cham- 
ber. This is done in 
the presence of a re- 
ducing atmosphere. 


when semi-liquid and liquid solders are present 
(from 3000 to 4000 psi to 500 to 1000 psi for gold 
on nonferrous base metals such as copper and 
its alloys). 

The original Sheffield plate bonding procedure 
was to heat the assembled ingots in air, using a 
slight amount of flux at the edges to take care of 
oxidation and using iron wire to hold the two 
metals together. A solder that became complete- 
ly molten at bonding temperature usually was 
employed. This procedure, improved upon only 
by the substitution of alloy clamps for the iron 
wire and by the addition of a hydraulic press for 
clamping the ingots after the solder has started 
to flow, has persisted to the present day. How- 
ever, the results of such bonding methods de- 
pend heavily upon the skill of the operator. Too 
little flowing of the solder results in loose edges 
and large unbonded areas, while the slightest 
amount of excess heating results in tiny blisters 
about the size of a pinhead in the finish annealed 
gold plate. 

A better procedure is to use a solder which 
becomes only partially liquid at bonding tem- 
perature, or no solder at all; wrap the entire 
ingot assembly in sheet metal to exclude air, heat 
for the proper length of time, determined empiri- 
cally, in a gas or electric muffle furnace, and 
finally to squeeze the ingot between the platens 
of a hydraulic press. This process provides a 
much larger factor of safety in the elimination of 
blisters. 

Perhaps the latest word in gold plate bonding 
is the development of special protective atmos- 
phere bonding furnaces, as shown in fig. 5. Here 
the assembled ingots are pressed automatically 
while being heated, and then repressed in a cool- 
ing chamber, all in the presence of a highly re- 


ducing atmosphere, that prevents oxidation of the 
hot metals and reduces those oxides present. In 
this furnace, no fluxes or wrapping of the ingots 
are necessary. The assembled ingots are loaded 
on pans that are hydraulically pushed through 
a preheating chamber into a high heat chamber. 
In the high heat chamber are located the alloy 
steel platens of a variable pressure hydraulic 
press that can be employed to press the ingot 
while it is being heated to the proper bonding 
temperature. After the metal has been hot 
pressed, it is ejected by hydraulic ram on to the 
water cooled platen of a cold press, and pressure 
is applied in the cold chamber. Following suffi- 
cient cooling under pressure, it is mechanically 
pushed into the air, where it is immediately 
quenched by. water spray. 

Silver and its alloys can be bonded to such base 
metals as copper, brass, monel, and steel in this 
mechanized furnace by techniques similar to gold 
plate bonding. When silver is bonded to copper 
and its alloys, advantage is taken of the low 
melting eutectic alloy that forms between the 
two when the metals are heated under pressure. 
Here, precise temperature control is required to 
prevent excess alloying. In bonding silver to 
steel, a similar bond can be obtained by inter- 
posing a thin film of copper between the two 
metals to form a similar eutectic upon heating. 

In all of these precious metal combinations the 
control of assay enters into the consideration of 
bonding technique. Excessive uncontrolled up- 
setting during pressing or excessive flowing of 
solder must be avoided. In such applications the 
desirability of a long melting range solder and 
control of bonding temperature between the 
liquidus and solidus of the solder became evident. 
Since some liquid is present, high pressures are 
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Fig. 6—When prop- 
erly rolled and an- 
nealed, copper on 
aluminum does not 
have any interme- 
diate layers at the 
bond line, as shown 
here. 


unnecessary and at the same time there is not 
enough liquid to cause excess flowing. 

Excessive running of solder in certain instances 
may be extremely undesirable, because of pref- 
erential attack along the grain boundaries of 
either the base metal or the overlay material as 
well as because of its effect on assay variation. 

The melting of one metal on another is a tech- 
nique seldom used in bonding precious metals 
except in the manufacture of silver-solder- 
flushed material. It is a method that does not 
lend itself easily to assay control. For base 
metals on the other hand, it can be a convenient 
process, particularly where the one metal has a 
much lower melting point than the other. For 
thermostatic applications No. 64 brass on invar 
is frequently made by this method. Retaining 
Strips of chrome iron are welded around an invar 
bar to form a pan and the brass is simply melted 
on the invar in the presence of a proper flux. 
Copper on stainless steel also can be made in this 
manner. 

Sometimes the two metals to be bonded form 
objectional brittle compounds when they are 
bonded at high temperature, as in the bonding of 
aluminum to copper. Here, semi-liquid phase 
bonding at temperatures where only small quan- 
tities of copper-aluminum compound are formed 
must be employed to minimize the formation of 
a brittle layer at the bond line. The technique 
involves the use of an atmosphere furnace to pre- 
heat the assembled ingot before it is rapidly 
entered into the rolls of a hot-rolling mill. The 
pressure of the hot rolling mill brings the two 
surfaces into contact and at the same time elon- 
gates the materials, the aluminum considerably 
more than the copper, so that shear forces are 
exerted at the bond line and spread out whatever 
compound is present. Succeeding hot and cold 
rolling passes bring the metal to size. 

When properly rolled and annealed, the cop- 
per on aluminum is extremely ductile and can 
be fabricated into all manner of shapes without 
destroying the bond. Under the microscope, the 
bond line does not reveal the presence of any 
intermediate layers, as shown in fig. 6. If the 
metal is overheated during annealing or solder- 
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Fig. 7—If the metal 
in a copper-alumi- 
hum composite is 
overheated during 
annealing or sold- 
ering compound 
formation occurs 
and embrittles the 
bond, as shown 
here. 


ing, however, compound formation occurs rapidly 
and embrittles the bond, as shown in fig. 7. 

Since aluminum is a very active metal and 
forms compounds with almost all other metals, 
the bonding of silver to aluminum, and steel to 
aluminum are accomplished in much the same 
way as described for copper to aluminum. 


There are many combinations of metals which 
are undesirable to bond directly because exces- 
sive alloying between the two may cause diffi- 
culty either in the bonding procedure or in sub- 
sequent heat treatment and fabrication. For 
example, silver on beryllium copper, a desirable 
composite metal for use as electrical contact 
arms, must be heat treated at temperatures above 
1400°F to develop the age hardening properties 
of the beryllium copper. At these temperatures, 
however, a eutectic of the base metal and the 
silver forms and results in melting at the bond 
line. The solution is to interpose a thin layer of 
a third metal, such as iron, between the two to 
prevent this situation from occurring (Patent No. 
2, 474,038). 

In bonding cadmium-silver alloys to copper al- 
loys for electrical contacts, a brittle cadmium- 
copper compound forms at the interface if the 
two are bonded directly. A fine silver layer placed 
between the two prevents this condition, thus 
eliminating embrittlement of the bond despite 
rolling and annealing operations. 

These are but a few examples of the bonding 
techniques employed and the difficulties encoun- 
tered in the manufacture of composite metals. 
Combinations and permutations are almost lim- 
itless and represent a constant challenge to the 
ingenuity of the metallurgist and engineer. 
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The All-Basic Open Hearth... 


European and American 


by R. P. Hever 


M. A. Fay 


Basic refractories used in the open hearth roof, ports, and ends; construction of slag 
pockets and regenerators; and fuel practices and direct comparisons between furnaces 
of various design are described in this final part of a two part article. The authors 
report on research and development completed as well as that projected in basic 


refractories and their applications. 


HE refractories used in European basic roofs 

are burned chrome-magnesite brick similar in 
almost every respect to burned chrome-magne- 
site brick made by American manufacturers. 
Such brick contain from 60 to 75 pct of chrome 
ore and a complementary amount of magnesite. 
Table I shows the chemical analysis and physical 
properties of the European brick, Radex-E, com- 
pared with similar data on several American 
bricks made by different manufacturers. 

No wide differences in characteristics appear. 
Nothing makes any one brick stand out as su- 
perior. The only pronounced difference between 
the American and European brick is in Al,O, and 
Cr,O, contents. Such difference has little effect 
on brick properties. 

European literature places emphasis on the ef- 
fects of chrome ores from various sources on 
brick. The ore preferred by most European pro- 
ducers comes from Turkey. It is a hard, lumpy 
ore, low in silica and lime, fairly high in chromic 
oxide, and relatively uniform in properties and 
analysis. These characteristics make it a satis- 
factory refractory constituent. In addition, it is 
credited with giving brick increased spalling re- 
sistance. The other ores with which it has been 
compared usually have been higher in silica and 
lime and not as uniform in properties and analy- 
sis from one shipment to another. Some of these 
characteristics may explain the preference for 
Turkish ore. 


R. P. Heuer is vice-president and M. A. Fay is ceramic 
engineer of General Refractories Co., Philadelphia. 
This paper was presented at the AIME Open Hearth 
Conference, Apr. 10 to 12, in Cincinnati. 


Experience in this country does not indicate 
that Turkish ore is unique and better in any way. 
Chrome ores of widely variant analysis can yield 
equally good results in refractories. The mineral 
chromite is a spinel consisting of one mol of FeO 
and one mol of Cr,O,. Some MgO can replace 
the FeO, and AIl,O, can replace Cr,O, without 
much effect on properties. Chrome ores contain- 
ing considerable amounts of Al,O, are preferred 
in America for refractories. 

To date few laboratory tests have been stand- 
ardized that show critical items of basic refrac- 
tory quality. Much work on this is being done in 
various laboratories. Some characteristics un- 
dergoing investigation are iron oxide bursting, 
hot load strength, and studies of crystal growth 
in service. From these studies it is hoped that 
better means of comparing basic refractories 
quality will be achieved. It is interesting that 
little study of iron oxide bursting, a characteris- 
tic thought to cause basic roof wear, has been 
done in Europe. 

Relatively few European brick have been avail- 
able for study here. Those examined appear to 
be almost identical in refractory quality with 
similar American products. Their iron oxide 
bursting resistance is not as great as that of 
some other types of American basic refractories. 

Similarly, relatively few competitive trials of 
American and European brick have been made 
either here or abroad. Some Radex-E brick were 
tried in front walls and end walls in this coun- 
try prior to the war. In this service they gave 
about the same service as American burned 
chrome-magnesite brick. American brick made 
from the same raw materials as Radex-E have 
yielded similar results. 
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While such tests have not been exhausti 
and the laboratory tests indicate a eerie She! 
ilarity between such European brick and Ameri- 
can burned chrome-magneésite brick. Therefore 
the success of the all-basic furnace in Europe 
pee t seem to be the result of better basic re- 
ractories. 

Pe peter: Proxedabest, tor basic roof service in 
cluded brick similar as oe ee taal acer 
brick, is a steel plated chemi i aR oiRae aces 
zoo ; cally-bonded chrome- 
magnesite brick. These brick contain about 60 
pet of chrome ore. The remainder is mag- 
nesite. The chrome is present only as larger 
grains, which form a skeleton for the brick and 
provide volume stability. The magnesite is pres- 
ent as fine material filling the interstices between 
the chrome grains. In this location, it protects 
the chrome ore from iron oxide attack. Magne- 
site can absorb up to four times its weight of 
Fe,O, without excessive loss of refractoriness. By 
excluding fine chrome ore from the brick and by 
protecting the larger chrome ore particles by 
this grain structure, iron oxide bursting of the 
brick is effectively inhibited. This brick shows a 
markedly better resistance to iron oxide burst- 
ing than any other chrome-magnesite brick. 

‘The chemically-bonded feature and the steel 
plating on these brick contribute excellent spall- 
ing resistance. Spalling has been considered a 
chief cause of wear and ultimate failure of basic 
roofs by several European investigators. The 
preference for brick made from Turkish chrome 
ore has been based on a superior spalling resist- 
ance of such brick. Some European operators 
have not been able to use basic roofs satisfac- 
torily in all cold charge operations because of 
excessive spalling losses. Further, one European 
observer indicated that the spalling conditions 
caused by shutting down a furnace for hot re- 
pairs and the subsequent rapid reheating, as is 
common in American practice, likely would cause 
rapid failure of a European basic roof. As much 
as 3 to 5 in. of brick might be lost during and 
shortly after one such shutdown. Upon consid- 
eration of these factors and the fact that several 
American chemically-bonded basic brick roofs 
have undergone as many as six or seven such 
shutdowns during one campaign without exces- 
sive spalling losses, the superiority of the brick 
used here is clearly demonstrated. 

Unburned chemically-bonded basic brick have 
advantages for all open hearth basic construc- 
tions in addition to their excellent spalling re- 
sistance. They are less expensive than burned 
brick of equivalent composition; have lower ther- 
mal conductivity; are more dense and imper- 
meable; are more uniform and true to size and 
shape; have equal or greater cold mechanical 
strength; and can be made integral with the 
steel plating, which is essential to long life of 
most basic installations. f 

Incorporation of the steel plate as an integral 
part of the brick has distinct advantages. It 
eliminates the handling of loose plates and sim- 
plifies brick storage; it virtually eliminates 
breakage in brick handling; and still more im- 
portant it promotes increased service life. In 
service, the plate oxidizes and the oxide product 
reacts with the brick material bonding together 


adjacent brick. In diffusing into the brick ma- 
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TABLE I 


Chemical and Physical Data on Various Burned Chrome 
Magnesite Refractories 


Radex E American Brick 


A B C D E 
Chemical Analysis, Pet 


SiOz 3-7 5-7 5-7 5-7 5-7 5-7 
Al2Os 9-14 20-22 20-22 18-20 19-21 20-22 
HeO* 8-12 10-18 9-12 9-12 12-14 9-12 
CaO 1-2 1-2 1-2 1-2 1-2 1-2 
MgO 37-43 33-35 33-36 438-45 38-42 34-37 
CreOz 25-34 23-26 22-24 20-22 20-22 23-25 
Bulk Density 
(oz per cu in) 1.72 pies sles . albrpy — albres aloe 
True Specific Gravity 3.85 3.838 3.85 3.82 3.80 3.84 
Porosity, Pet 25 25 21 24 26 25 
Cold Crushing 
Strength, Psi 8000 4000 5000 4000 4500 4500 


* All iron reported as FeO. 


terial it tends to hold the brick material itself 
together, decreasing spalling and increasing life. 
The intimate contact between the refractory 
material and the plate in brick with integral 
plates promotes this reaction and yields better 
results. This has been shown by various trials 
in basic roofs, front walls and end walls, in which 
all plated refractories have rendered definitely 
better service than alternately plated and un- 
plated brick of the same composition. 

All these things indicate the superiority of 
chemically-bonded steel-plated refractories for 
basic roof service. Trials of such brick in proper 
construction in European basic roofs probably 
would yield improved results over the present 
refractories. 

The use of chemically-bonded basic refracto- 
ries requires proper construction techniques. 

In service, chemically-bonded brick develop a 
zone within the brick where the chemical bond 
has been weakened, but where a ceramic bond 
has not been formed completely. Although the 
brick strength is adequate in most cases, if 
shearing stresses or other unbalanced forces 
causing movement are applied in this region, 
some deterioration of the brick can occur in this 
weaker zone. Therefore, construction must be 
arranged so that such forces cannot be exerted 
on this softer zone. This condition does not oc- 
cur in burned basic brick and they can withstand 
some greater stress in improper constructions. 
This explains why burned basic brick have ap- 
peared slightly better than chemically-bonded 
brick in some basic port roof installations in this 
country. When proper construction, such as de- 
scribed, is applied to furnace port roofs, it is 
expected that the chemically-bonded brick will 
demonstrate their superiority over burned prod- 
ucts as they have in basic main roofs. 

The average results expected from all-basic 
furnaces in Europe are: 1—Roof life that is 2 
to 214 times as long as that obtained with silica 
brick. 2—Increased production of about 15 pct. 
3—Decreased fuel consumption amounting to 
from 10 to 15 pct. These three improvements are 
all necessary to justify the increased initial con- 
struction costs, but with these results the all- 
basic furnace is economical. 

American all-basic furnaces fulfill the first 
two requirements, but have not met the third. 
Unit roof life of American basic roofs has been 
from two to three times the unit life of silica 
roofs. Increased production of from 12 to 16 pct 


has been normal for all-basic furnaces. How- 
ever, instead of decreasing, fuel costs have in- 
creased about 10 pct. 

The cost of this fuel loss is critical. If fuel cost 
of American all-basic furnaces was equal to that 
of silica furnaces, overall cost figures would show 
them economical; and if fuel savings occurred, 
they probably would be adopted rapidly. Thus 
it appears that while marked improvements have 
been made in designs and refractories for the all- 
basic furnace, corresponding progress in fuel and 
combustion practices has not been made. In im- 
provement in this field lies the success of the 
all-basic furnace in America. Research and en- 
deavors should be predominantly in the direction 
of improved fuel practice. 

The European all-basic furnace operators and 
engineers appear to have overcome this problem. 
‘This situation makes necessary careful study of 
European fuel practices to discover what advan- 
tages they may possess. 

Table II shows various data on production 
rates, fuel rates, and other factors, on several 
European open hearth furnaces, some of which 
have been operated both as all-basic and as 
silica furnaces. Many of these data required 
calculation to obtain comparable figures so that 
they are only good approximations of existing 
conditions. However, considering the fuels used, 
amount of cold charge, and other conditions, 
they show that European furnaces operate rap- 
idly and with good fuel efficiency by American 
standards. Since, from this, it appears that the 
results of fuel practices on silica furnaces in Eu- 
rope and America are not widely variant, it is 
likely that some fuel practices on European all- 
basic furnaces are better than those used here. 

Because the majority of European furnaces 


are low Btu value gas-fired, European fuel prac- 
tice is closely allied with port-end design and 
construction. Most furnaces have divided up- 
takes, slag pockets, and checker chambers for 
preheating gaseous fuel and air. Where liquid 
fuels or high Btu value gases are used, port de- 
signs still reflect the characteristics essential to 
operation with preheated gas fuel. In such ar- 
rangements, the incoming air stream is directed 
to mix with the fuel stream and to carry the 
resulting flame to its proper position in the fur- 
nace chamber. 

The classical design for ports of such furnaces 
is shown in fig. 10. Preheated fuel gas is deliv- 
ered into the furnace chamber at or near the 
bridge wall through a centrally located gas up- 
take and port. The preheated air is brought in 
through uptakes on either side of the gas uptake 
and is carried above the gas port, then turned 
and directed down toward and around the gas 
stream by the sloping port roof. The air mixes 
with the fuel, starting the flame and carrying 
it across the close to the surface of the bath. 
The difficulty with this construction is that the 
entire gas port and the division walls between 
the air and gas uptakes are heated on both sides. 
Erosion of refractories is apt to be rapid. When 
this ,occurs the gas streams lose velocity and 
direction, and combustion characteristics suffer. 
The furnace becomes less sharp. When basic 
refractories are used in such construction in 
place of silica, wear is decreased, but is still too 
great for long periods of proper operation. Until 
about 20 years ago, Silica refractories were used 
in end constructions almost exclusively. Since 
that time, basic refractories have been used in- 
creasingly. 

More than 100 different designs have been sug- 


TABLE II 
Production Fuel and Other Data on Various European Furnaces 


Furnace 


G 


7c Sse eeeeeeeeeeeneeee ee  —————— ee ee a ae eee ee ae 


Rated Capacity, 


Tons 15 


35 50 50 35 35 120 50 50 85 180 80 
ee Ee ee 
Type Sta- Sta- Sta- Sta- Sta- Sta- Sta Tilting Sta Sta St i ilti 

: 4 ; h < = - a- Tilti 
tionary tionary tionary tionary tionary tionary tionary . tionary tionary tionary apted ap AS 
Refractories 
Main Roof Basic Silica Basic Silica Silica Basic __ Silic ili i ili i ili 
: . B ili 
Port Roof Basic Basic Basic Basic Silica Basic Basie ee Basic pat sas gar oe 
Fuel Mixed Mixed Oil Pro Pro Cok 
= - e Coke Low Low Low Low Low L 
oe and BE. and ducer ducer Oven Oven Btu Btu Btu Btu Btu Btu 
e Coke Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas 
Oven Oven and and 
Gas Gas Pitch Pitch 
a eee ee eee 
Charge 
Blown Metal 70 Pct 70 Pct No No No No 
No No No No KG NE 
aa cee ne ae ae ec a co) = Pct - Poet yes No No ? No. Nes 
es es es No Ye 4 ? 
Scrap Yes Yes Yes Yes Yes Yes Yes Yes Yes rea ? Yes No 
Roof Life 1000 
, 1 
No. of heats He — 530 900* 300* fake fe — 900 600 a ——— 
500 1300 400 1200 ay 
Production** 
Tons per Hr 16.5 16.0 9.5 8.9 7.8 C2 6.3 13.7 8.0 7.3 — 12.6 13.7 
Tons per Hr 
per 1000 Sq Ft 38.2 37.0 ‘ — — 
| aia lah 21.0 24.8 21.5 28.8 — — — 27.0 28.0 


Fuel Rate, 


(Approx) MM 
Bta per Ton 3.2 4.0 4.8 3.6 4.4 


Noo plot uh ee ee eee 
* Port Roof life only. 


** Figures on Charge to Tap basis. 
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Fig. 10—Port end arrangement of European classical 
design preheated gas-fired furnace. 


gested to improve on the so-called classical ar- 
rangement. Of these, one design has been suc- 
cessful and has come into wide use in Europe. 
This design was first developed about 1910, but 
because of the rapidity of wear of silica was un- 
successful until basic refractories were used. 
With the institution of the increased use of basic 
refractories in open hearth furnaces generally, .a 
basic brick manufacturer, the Austro-American 
Magnesite Co., started a special department of 
open hearth furnace design to develop open 
hearth designs that would best utilize the prop- 
erties of basic refractories. The fundamentals 
of the gas flow were studied and a system was de- 
veloped that promotes streamlined flow with least 
turbulence of all gas streams through the fur- 
nace. It tends to promote optimum combustion 
conditions and control. Consideration was given 
also to flow direction with relation to refractory 
walls to decrease refractory wear. The system 
and design developed from the earlier work of 
about 1910 is known as the Maerz system, after 
the originator, who gave his name to the subsid- 
iary organization of the brick company, the 
Maerz Furnace Co. 

The Maerz port is shown in fig. 11. Some of 
the features of this construction are: 1—The 
air ports are moved closer to the furnace bath 
and the air uptakes are separated from the gas 
uptake. 2—No restrictions, as knuckles or mon- 
key walls, are used. In effect, the furnace cham- 
ber extends from end wall to end wall instead 
of from knuckle to knuckle. 3—Air uptakes are 
restricted as compared with classical design up- 
takes, providing for incoming air at higher ve- 
locities. 4—Thinner refractory walls are used 
generally. 5—With the smaller sections and 
thinner walls, some parts of the port are made 
portable. Such sections can be laid up in steel 
frameworks away from the furnace and sub- 
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stituted in the furnace structure at will. All of 
these things were made possible by the increased 
life obtained from basic refractories. 

Furnaces fired with liquid fuel or cold gas 
fuels use the Maerz design with the gas port 
omitted, or a design according to the Maerz sys- 
tem which includes a single air uptake. 

Since American furnaces are so predominantly 
liquid fuel or cold gas fired, for comparative 
purposes, only the function of Maerz ports with 
such fuels will be described. The conditions of 
gas flow through the single uptake furnace are 
Simple. The port is arranged to direct the air 
downward toward and across the bath. There 
is only one turn in the direction of air flow. 
The restriction of the end, from front to back, 
gives the air a considerable velocity towards the 
center of the furnace. It picks up the fuel stream, 
mixes with it, and carries it across the bath. 

The fuel, either gas or oil, comes into the fur- 
nace through one or more burners usually lo- 
cated in the end wall. The burner tip usually is 
back close to the end wall. Occasionally, burn- 
ers are located at either side and in front of the 
air uptake. Auxiliary oil burners for carburetting 
gas flames sometimes are used in these positions. 

With gas fuel, relatively low gas pressures are 
normal. Oil usually is atomized mechanically. 
High pressure oil is given a strong swirling action 
by a special (K6rting) nozzle and is discharged 
from the nozzle in a cone shape. A small amount 
of low pressure air blown through a jacket, con- 
centric around the burner, molds the shape of 
the oil cone to the desired length to diameter 
ratio. Mixing of the air and fuel streams is 
achieved by the difference in their velocities. 

Such ends are constructed entirely of basic 
brick. Usually the port roof is built in the same 
way as basic main roofs, although in some cases 
the span across the port is so small that sprung 
construction can be used. Because of the restric- 
tion of the end and resultant high velocities of 
exhaust gases, usually it is necessary to make an 
intermediate repair of the port roof knuckle and 
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Fig. 11—-Port end arrangement of a preheated gas- 
fired Maerz furnace. 


Fig. 12—Incoming air-flow pattern through the port 
end of a divided uptake Maerz furnace. 


the end wall above floor level during each basic 
main roof campaign. Other sections last through- 
out such furnace runs without repair. 

The flow conditions through the divided up- 
take Maerz port are more complex. Fig. 12 shows 
a diagram of such flow. The incoming air is given 
high velocity upward by the restricted uptakes. 
It travels to the roof where it is deflected in the 
directions shown by the arrows. The two air 
streams meet at the center of the roof and form 
a strong downward current. 

The fuel is introduced through a burner or 
burners in the end wall. The downward moving 
air impinges on the fuel stream, promoting 
rapid mixing. The degree of mixing achieved is 
determined by the air velocity, which in turn is 
determined by the cross-sectional area of the air 
uptakes. Because of this, no restrictions such as 
knuckles in the roof or monkey walls, are needed 
to promote mixing. Therefore, the roof is high 
above the bridge wall where it is not as liable to 
wear away rapidly. The uptake area needed to 
give the necessary air velocity is about one third 
of that on most American furnaces. 

These ports also are built entirely of basic 
brick. The roof is built in the same manner as 
all-basic roofs. The air uptakes are purposely 
separated at considerable distance so that the 
end is not constricted, as in the case of the sin- 
gle uptake furnace. This decreases wear of the 
port refractories and makes uptake walls read- 
ily accessible from the outside. The life of all 
parts of the port is long, usually an entire basic 
main roof campaign without repair. 

Despite the restricted uptakes, wear of uptake 
refractories is not excessive. In the Maerz port, 
the exhaust gases are drawn off downward, di- 
rectly from the furnace chamber. They move at 
relatively slow velocity into the furnace end, be- 
cause of the absence of restrictions, then are 
pulled down the uptakes at ‘higher velocity. At 
no point does the exhaust gas stream impinge on 


a refractory wall at high velocity. Although they 
do move through the uptake at high velocity, 
they are moving parallel to the wall face. Thus, 
refractory wear is not great. f 

In contrast to this arrangement, most Ameri- 
can furnaces have a restriction at the throat 
which gives exhaust gases from the furnace 
chamber considerable velocity toward the end 
wall. The gases hit the end wall and turn down 
the uptake. Only a portion of the available up- 
take area is effectively used, most of the gas 
passing down close to the end wall. Immediately 
behind the bridge wall a swirl or eddy current 
usually is set up. The area occupied by this eddy 
current serves no useful purpose. Because of the 
impingement of the exhaust gas stream, refrac- 
tory wear is apt to be rapid at this point. In- 
creasing uptake area does not decrease this wear, 
as has been shown by basic end furnaces with no 
burner arches. End wall wear in these furnaces 
has been as great or greater than that of the 
same furnaces with burner arches. 

Both the single and double uptake Maerz end 
constructions are smaller than American ends 
or even basic ends of American design. Figs. 
13 and 14 show an American basic end with the 
Maerz construction superimposed on the drawing 
in heavy lines. Because of the difference in size, 
the refractory requirements for the Maerz end 
are less than for American designs. Similarly, 
replacements are small. It is probable that over- 
all end refractory consumption for initial con- 
struction and repairs of Maerz design ends 
would be considerably less than that of the 
American designed ends. 

Such construction is possible only with basic 
refractories, which are more expensive than 
Silica. However, because of the decrease in re- 
fractory requirements, overall refractory costs 
should decrease. American basic ends have 
lower refractory costs than silica construction, 
as has been proved on more than 30 furnaces. 
The Maerz construction should have lower re- 
fractory costs. 

Because of the small size of the Maerz ends, 
they offer possible large increases in furnace 
capacity. If the end walls of the Maerz and 
American designs were made to coincide in figs. 
13 and 14, the furnace bath could be made from 
10 to 15 pct larger without changing the area 
occupied by present American construction. This 
offers greater possibility for increasing furnace 
capacity in American shops than any other 
known means. . 

In England, relatively few Maerz furnaces are 
used. There, also, a trend toward restricted up- 
take areas and increased incoming air velocity 
is progressing. They have found that large up- 
takes promote unpredictable local wear of the 
furnace ends without benefit to combustion prac- 
tice. Some English operators feel that uptake 
area for a furnace of 165 tons should be no more 
than 50 sq ft and some experimental construc- 
tions are being tried with even smaller uptakes. 

Other design features arousing interest in 
England at present are: 1—The possibilities of 
radially suspended basic roofs that are level from 
one end of the furnace to the other; that is, no 
port roof sloping sections. 2—The use of single, 
centrally located, uptakes of width only about 
one-half of that of the main arch. 3—The possi- 
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bilities of multiple burners. 4—The possibility 
of decreasing end wall wear by making it sloping. 
If the end wall is inclined at about 20° from the 
vertical, increased life has resulted on some 
trials. All but the last of these things are like 
features of the Maerz designs. 

Trends in design of American port ends have 
been in striking contrast to the European and 
English developments. In general, for the past 
20 years American furnaces have been built with 
increasingly larger end constructions and up- 
take areas. 

This removes the conventionally used silica re- 
fractories as far as possible from positions. where 
they wear rapidly. It has been possible to do this 
by the use of restriction of the furnace throat to 
increase air velocity into the furnace chamber 
and by the use of driven fuels. Steam atomized 
liquid fuels or high pressure gas can be directed 
and carried to the desired position in the fur- 
nace chamber by their own high entering 
velocity. 

Even when basic refractories have been used 
in ends, with decreased wear, the trend toward 
larger uptake areas continued. Several furnaces 
were built without burner arches and the end 
wide open. On most furnaces, lower production 
rates and higher fuel rates resulted. When 
burner arches were reinstalled in these furnaces, 
production rates increased and fuel rates 
dropped. 

Table III shows data on five basic end fur- 
naces, comparing production and fuel rates with 
varying uptake areas. Data on comparable silica 
end furnaces are shown in some cases. Also 
shown are data on a single uptake furnace, fur- 
nace F, on which the pit and checker side walls 
were moved inward so that the uptake area was 
close to that of similar size silica furnaces. 


Study of these data show the adverse effect 
of too large uptake area. Since, in most cases, 
no changes in burners or furnace throat were 
made during these runs, the only logical explana- 
tion for the improvement with restricted uptake 
area is the resultant increased incoming air ve- 
locity. This probably promotes better mixing of 
air and fuel, causing higher flame temperature 
(sharper flames) and faster melting. 

Short, hot, sharp melting flames are charac- 
teristic of European open hearths. Highest pos- 
sible flame temperature is wanted. This is de- 
Sirable for fastest melting of cold charges by 
convection heating. However, such flames are 
not as highly luminous as some of lower tem- 
perature. In recent years, American practices 
have stressed the need for high luminosity 
flames, which are better for heating molten ma- 
terials by radiant heating. The optimum condi- 
tions for scrap plus hot metal operations would 
be high flame temperature flames of lower lu- 
minosity and convection heating from the start 
of charge until the heat is under cover, and the 
highest luminosity flames and radiant heating 
for the balance of the heat. 

Properly directed, high velocity incoming air 
should help in achieving both such flame char- 
acteristics in bringing faster mixing of the air 
with fuel. This would promote faster combustion 
and higher flame temperatures. With better mix- 
ing of the air and fuel, it should be possible to 
decrease the amount of steam used for atomiza- 
tion of liquid fuels. As much as 5 pct of the total 
heat input into the furnace can be absorbed by 
this steam. Further, the steam is heated within 
the flame, affecting flame temperature more 
drastically than indicated by its overall effect. 
Any decrease of steam input while the rate of 
combustion is maintained would increase flame 


TABLE III 
Variation of Fuel and Production Rate with Uptake Area on American Basic End Furnaces. 
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Fig. 13—A single uptake Maerz furnace end, super- 
imposed over a typical American basic end. 


temperature and improve convection heating. 
Most European liquid fuel fired furnaces do not 
use any atomizing steam. 

When highly luminous flames are desired, even 
less steam for atomization might be used. Only 
enough ‘steam to atomize the liquid fuel poorly 
would be needed and the air stream would act 
to carry the flame to the desired position in the 
furnace. Those liquid fuel particles that burn 
early in the flame development should burn 
faster with better air mixing, creating higher 
temperatures, more cracking of the unburned 
fuel, and more luminous flames. 

The disadvantages of steam atomization have 
been recognized and other atomizing agents have 
been tried. Compressed air has been used in 
most such trials. It has not been satisfactory be- 
cause of the high costs of preheating and com- 
pressing equipment, and because it is a less effi- 
cient atomizer than steam. Consequently, even 
though high velocity incoming air were to be 
used in American furnaces, steam would continue 
to be the atomizing agent. 

Operating data on American basic end furnaces, 
theoretical considerations, and European and 
English operating experience all suggest possible 
improvement of American practice through the 
use of directed, higher velocity incoming air ob- 
tained by restriction of uptake area. Further, it 
appears that this could be done economically by 
careful design of furnace end structures, taking 
into account gas flow, patterns, etc., and the use 
of basic refractories. It seems probable that such 
practice is largely responsible for the excellent 
fuel and production records of European all-basic 
open hearths. Certainly on the basis of these 
data, it is indicated that exhaustive study be 
given to fuel practices and their relationship to 
port design, uptake size, gas flow patterns, etc. 
It appears worthwhile to install and study Maerz 
furnaces in America. Many improvements of 
American practice might be achieved. 

The slag pocket designs of European open 


nearth furnaces are like those of American fur- 
naces. They normally are built of silica refrac- 


tories even though the end construction above 


them is basic. Because of this, slag deposits are 
hard and glassy as in American silica end fur- 


naces. The more extensive use of basic refrac- 


tories and the resulting almost granular slag 
deposits of American basic end furnaces promote 
faster and more economical furnace rebuilding. 

Regenerator chambers of most European fur- 
naces are about the same width as those on 
American furnaces, but usually are shorter and 
deeper. With these conditions, the length of gas 
travel through the checker setting approaches 
that of gas in American two-pass checkers. Most 
checker settings are the solid wall, vertical flue, 
variety. 

Refractories used are fireclay brick. The qual- 
ity of European fireclays is below that of Ameri- 
can materials, in that they are less refractory, 
containing less Al,O, and more fluxing constitu- 
ents. Consequently, checker life is shorter in 
Europe. Frequently, checkers are replaced after 
each basic main roof campaign. 

Checker life of European furnaces is further 
decreased by virtue of higher operating tempera- 
tures. In most cases checker temperatures are 
from 150° to 250° F higher than in American 
furnaces. 

One reason for the higher checker tempera- 
tures is the small furnace end structures. Small 
ends have little heat capacity and deliver exhaust 
gases to the checker chambers at higher tem- 
peratures. Because of this, European furnace 
checkers accomplish a greater amount of air 
preheating than checkers of American furnaces, 
in which a substantial amount of air preheating 
is done in the end structure. 

Very few European furnaces are equipped with 
waste heat boilers, and forced drafting has not 


Fig. 14—A divided uptake Maerz furnace end, super- 
imposed over a typical American basic end. 
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come into wide use. Natural draft is usual. 
Stacks for European furnaces are normally 
higher than those of American furnaces, even 
those for furnaces operated on natural draft. 
The reason for these high stacks is not that more 
draft is needed because of the restricted uptakes. 
The draft is needed to pull a proper proportion 
of the gas through the small gas ports of fur- 
naces fired with 200 to 300 Btu content preheated 
gas. In such furnaces, dampers in the flues be- 
hind the air checkers are kept partially closed. 
Present draft on American furnaces would be 
ample to exhaust the combustion products 
through restricted upstakes. The additional draft 
required to overcome the effects of the uptake 
restriction is small compared to the total draft 
losses throughout the furnace system. 


Summarizing all the foregoing comparisons 
and discussions of all-basic constructions, fur- 
nace designs, refractories, and fuel practices, 
many similarities and differences in American 
and European open hearths are evident. There 
are valid reasons for the existing differences in 
practice. However, it appears probable that im- 
provement of some American practices could re- 
sult from consideration of European techniques. 
In other cases the reverse situation is apparent. 
Some of the more outstanding of such items are: 


1—European and American basic roof designs 
are almost identical in engineering principles. 
Some details of the American design—complete 
Suspension, tangential skewback spring ar- 
rangement, accessibility of all parts of the roof 
for hot patching—make it better suited for 
American operations. 


2—European burned basic refractories have no 
advantages over Similar American products. 
Conversely, the chemically-bonded steel plated 
basic brick, which have proved most successful 


here, offer considerable possible improvement to 
European basic open hearth furnaces in smaller 
spalling losses, lower heat loss, lower costs and 
ease of handling. 


3—The excellent fuel practice obtained under 
adverse conditions on European furnaces sug- 
gests that revision of American furnace port ends 
in the direction of and approaching Maerz fur- 
nace designs might yield substantial improve- 
ments. Factors that should be considered in 
making such changes include: Fuel, air and ex- 
haust gas flow patterns; uptake size and its ef- 
fect on incoming air velocity; and amount of 
steam required for oil atomization. 


Savings and improvements that might result 
from such changes are: Lower refractories con- 
sumption and decreased refractories costs by vir- 
tue of smaller end constructions and small areas 
requiring repairs; possible increases in furnace 
capacities; and possible improvement of fuel 
rates. 


4—With the smaller ends of European fur- 
naces, high checker temperatures are normal. 


5—Other items of furnace design and construc- 
tion—bottoms, front and back walls, slag pockets, 
and flues—are very similar in Europe and in 
America. There is no indication of improvement 
of American practices from use of European 
techniques in these fields. 


The authors of this paper are greatly indebted 
to Franz Bartu, chief engineer of the Maerz Fur- 
nace Co., Millstatt, Austria, for the preparation 
of several of the drawings and invaluable assist- 
ance and advice in making the comparisons and 
expositions of European ideas of furnace design 
contained herein. A. J. Mann of the M. H. Det- 
rick Co., Ltd., London, also contributed various 
helpful ideas and information. It is hoped that 
their contributions will be widely recognized. 


Belt Conveyors Handle Liberian Ore 


NE of the main difficulties in the development 

of the Bomi Hills iron ore operation, Republic 
Steel Corp.’s Liberian development, is in getting the 
ore aboard ship for transport to the United States. 
To handle the huge quantities of ore required, a 
dockside conveyor installation has been designed that 
will stockpile 150,000 tons of ore at all times and will 
deliver the ore to ships at a rate of 2500 tons an hr. 
Provisions have been made to handle double this 

in the future. 

Bae rece from the mines, about 100 miles 
inland, on railroad cars to the installation at Mon- 
rovia, capital and main port of Liberia. Here, the 
ore is taken by belt conveyors to the storage area 
where it is stockpiled. Upon arrival of a ship, the 
- handling system reclaims the ore from storage and 
delivers it directly to the deck where a traveling 
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ship-loading tower with a boom conveyor takes over. 

The tower moves along the dock the length of the 
vessel, with the boom shuttling across the ship. This 
permits the ore to be properly and evenly stored in 
the hold. The double action of the tower and the 
boom make it unnecessary to move the ship during 
loading. 

The dockside installation, estimated to cost $500,000, 
will take about a year to build. When completed it 
will have seven conveyors totalling 2400 ft in length, 
and the system will require about 5000 ft of belting. 

Consideration is being given a long line belt con- 
veyor installation at the U. S. Steel Corp.’s Cerro 
Bolivar enterprise in Venezuela. A conveyor system 
has been suggested that would cut through the 
jungle carrying the ore from the mine to water 
transportation. 


Development of Mechanical Puncher at the McGill Smelter’ 


by Leonard Larson 


MELTERMEN in the copper industry know that 

punching the tuyeres of a copper converter is a 
difficult, disagreeable, and at times a hazardous Job. 
Knowing this, many men in the industry have given 
serious consideration to punching by mechanical 
means. As evidence of such consideration, a great 
many patents have been issued covering various 
mechanical devices or machines for doing this task. 

In 1942, as war-created manpower shortages be- 
came more acute, it became increasingly difficult to 
get men to punch tuyeres. Faced with this situation 
at the McGill smelter, it was decided that an all- 
out effort should be made to develop some sort of 
a mechanical punching device. The various patents 
were studied over thoroughly but none of the devices 
seemed suitable, all were discarded and it was 
decided to develop one, using the ideas of the per- 
sonnel at McGill. 


* Pat. No. 2,432,996—Apparatus for Punching Tuyeres of Copper 
Converters and the Like—was issued to the author and Byron T. 
Berge, Mechanical Department Engineer, joint inventor, and 
assigned to Kennecott Copper’Corp., Dec. 23, 1947. Patents cover- 
ing recent improvements have been applied for. 


Initial test work indicated that a separate punch- 
ing device should be attached to each tuyere. This 
meant that an adapter would have to be developed 
which would accommodate such a device; the 
adapter to be so constructed that it could be sub- 
stituted for the regular Dyblie valve head, and be 
punched either by mechanical means or by hand. 
Also a method for quickly attaching or detaching 
the punching unit would have to be devised. If the 
punching unit was attached to the adapter, then the 
punch rod and tip would have to remain inside of 
and reciprocate within the tuyere pipe. This last 
requirement meant that the punching device, the 
adapter, the piston rod, and punch rod must be in 
perfect alignment. The whole arrangement thus 
would become an integral part of the converter and 
would rotate along with the tuyere line to all the 
positions required for converter operation. If the 
puncher was to rotate with the converter, there was 
also a problem of limited clearance. The construc- 
tion of a device to meet all of these conditions im- 
posed many problems. 

In the latter part of 1942, two pieces of equipment 
were constructed and tried out under test-stand 
conditions. Both of these devices were very crude, 
but test-stand operation indicated that progress was 
being made. Neither of the units was considered 
good enough to be attached to and tried out on a 
tuyere of an operating converter. 

In May 1943, work was started on another device 
and in August of that year it was attached to and 
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actually punched a single tuyere of a converter on 
an experimental basis (fig. 1). This unit was es- 
sentially a cylinder 3 in. in diam and about 15 in. 
long inside. Valve ports were so located as to pro- 
vide a 1-in. cushion on each end of the stroke. The 
cylinder ports were piped to a %-in. four-way disk 
valve. High pressure air (90 psi) was delivered to 
the valve by means of a long hose, thus making it 
possible to supply air to the device at all operating 
positions of the converter. The forward and return 
punching strokes were accomplished by shifting the 
valve handle as required. With the %4-in. valve, 
stroke velocities from 15 to 18 fps were achieved. 
Punching with this experimental arrangement was 
carried on for some time, but many difficulties were 
encountered. The punch rod tips often stuck in the 
tuyere accretion, indicating that more energy of 
some sort was necessary to avoid sticking the punch 
rod. 

To overcome sticking, experiments continued with 
a speeded up unit and although progress was made, 
troubles of various kinds continued to appear. On 
this unit, piston cup seals passed the valve ports 
which proved to be of very poor construction. Also 
the piston, driven forward at approximately 28 fps, 
would often bottom metal to metal in the forward 
end of the cylinder causing both mechanical and 
operational trouble. Sometimes the punch rod and 
at other times the piston rod would break loose 
and be shot through the tuyere pipe into the con- 
verter. Bottoming and poor timing of valve reversal 
caused a bounce and a hesitation at the end of the 
forward stroke, with the result that the punch rod 


Fig. 1—First mechanical puncher installed and 
operated on a converter at McGill, August 1943. 


<r < 


ee, 
This page of Transactions AIME is a continuation from p. 892. 
; The missing pages appeared in Journal of Metals. 


4 


eR ‘average stroke penetration 
App. time in converter 4 second 


i Conbceled taner odes af Foyer 
. Sroihe we hee es 


Curve showing character of stroke made by 
Model A Ancher with double D shde 


velves manually operated 


Kymograph recording made WMlarch Ist 1945 
Puncher aur pressure W psi 


Return velocity through accretion 
2A ft per second 


po 


Fig. 2—Kymograph 
recording of Model 4 
puncher stroke, 
March 1945. 


Forward velocity t A accretion 
JS ft per aes 


$ sec. 
Horizontal Scale Vertical Scale 
second 


each division eaeiind 
tips still often stuck in the tuyere obstruction. Ex- 
perience over several months with this unit demon- 
strated that progress was being made, but it became 
evident that the unit was not practical and some- 
thing better would have to be developed. 

Experience indicated that a unit with self-con- 
tained D-type slide valves would be more practic- 
able. This new type unit, as constructed, had a 3-in. 
ID by about 15-in. long power cylinder, with a valve 
chest directly above. The valve chest contained two 
D-slide valves—one near each end. This new unit, 
called Model 4, was tried out on a single tuyere of a 
converter in November 1944 and performed more 
satisfactorily than the previous models. The inlet 
valve port was adjusted to give a forward stroke 
velocity of around 35 fps because previous ex- 
perience had indicated that this was fast enough 
to pierce the tuyere pipe obstruction successfully. 

Early in 1945, a special testing apparatus was built 
so that accurate measurements of stroke velocities 
could be made. The new testing machine not only 
measured and recorded the stroke velocities, but also 
determined the characteristics of the strokes. When 
the testing machine became available, the punching 
stroke of the Model 4 unit was checked for velocity 
and character. This machine or “kymograph” showed 
that the piston always bottomed on the forward 
cylinder head and usually struck the rear head on 
the return stroke (fig. 2). Kymograph recordings 
showed that manual stroke reversal was almost 
always slow, and that there was a pause and one or 
more bounces at the end of the forward stroke. 

In spite of the troubles encountered, construction 
was undertaken on additional units of this model. 
In June 1945, five Model 4 units were attached to 
the tuyere adapters on one end of a converter. Two 
more units were available as spares, so it was hoped 
that five punchers could be kept in service on a 
three-shift basis on a converter. It soon became 
apparent that the three-shift operation was too 
much for the units as constructed. Bottoming con- 
tinued to occur, and punch rod tips and even piston 
rods were sometimes shot into the converter. 

Since most of the breakage occurred on the for- 


| ward stroke, it was decided to close off the forward 


valve port entirely, thus using the entire cylinder to 
form an air cushion. Results were surprising. The 
90-lb air pressure drove the piston rapidly forward 
to within an inch or so of the cyiinder head where 
it stopped and reversed. With proper manipulation 


of the valve handle it was found that the piston 
would achieve a maximum forward velocity of about 
40 fps at a point near the end of the cylinder. Here 
it paused momentarily, made a double bounce of a 
few inches, then returned toward the starting point. 
The maximum velocity on the return stroke was 
about 17 fps (fig. 3-a). After many trials with the 
closed port unit, it was realized that manual re- 
versal of the valve handle could not be depended 
upon to produce a satisfactory punching stroke. 

In the late summer of 1945 work was started on 
the development and construction of a valve reversal 
mechanism which, it was hoped, would result in an 
“ideal” punching stroke. The accomplishment of 
such a stroke would involve perfect timing and the 
exact coordination of many moving parts. Finally, 
after months of work, many experiments, and the 
recording of hundreds of strokes, one Model 4 unit 
was rebuilt and a valve reversal mechanism in- 
stalled. This unit, after necessary adjustments, pro- 
duced a nearly perfect punching stroke (fig. 3-b). 
It was found that a back pressure of about 5 psi in 
the front of the piston was necessary to insure com- 
plete return of the piston. It also served the purpose 
of keeping the piston at-rest in the rear end of the 
cylinder. 

With the proper valve opening, the unit recorded 
a maximum forward velocity of about 40 fps, about 
1/50 of a second delay for complete reversal, and a 
maximum return velocity of about 30 fps. Action of 
the device was essentially as follows: Pushing the 
valve handle opened the inlet port, thus forcing 
the piston rapidly forward. The air trapped in the 
fore end of the cylinder thus was built up to a 
pressure of several hundred pounds per square 
inch. Part of this air passing through a connecting 
duct, actuated a small piston which, in turn, dis- 
tonnected the handle and opened the valve to ex- 
haust. With an open exhaust port the high pressure 
cushion returned the piston rapidly to the starting 
position. Proper adjustment of the exhaust port 
allowed the piston to come to rest at the rear of the 
cylinder without a bounce. Thus manual forward 
movement of the valve handle together with the 
pneumatic valve reversal mechanism completed the 
‘4deal” punching stroke. { 

On Dec. 7, 1945, the improved Model 4 unit, in- 
corporating all of the improvements noted above, 
was installed on a converter. This unit did a very 
good punching job and had less mechanical trouble 
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than the previous units, so work was immediately 
commenced on rebuilding all the other punchers. 

The punching performance of the rebuilt Model 4 
units was satisfactory, and the converter operated 
without delay or trouble traceable to mechanical 
punching. Results now indicated that mechanical 
punching of all tuyeres on a converter could be 
performed successfully. However, before attempting 
to equip an entire converter with punching units, 
it was evident that many more mechanical im- 
provements should be made. 

The rebuilt Model 4 units were necessarily poor 
in mechanical construction, and breakages continued 
to occur. This was particularly true of the auto- 
matic valve reversal mechanism as the shock caused 
by the quick valve reversal was very severe. So, 
although a number of units continued to function 
satisfactorily, experimental shop and design work 
continued with the idea of developing something 
mechanically better. A new unit called Model 5 
was completed and tested on a converter during 
October and November 1946. After some further 
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Fig. 4—Cross-sectional view of Model 6B puncher 
showing automatic valve reversal mechanism. 
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test work it was decided to build a new model along 
similar lines, but with a larger power cylinder. A 
new unit—Model 6—was constructed, and after pre- 
liminary tests were completed it was tried out on 
a converter the latter part of December 1946. This 
unit was much lighter than Model 4, and included 
many improvements in mechanical construction. The 
cylinders were made of 3-in. ID brass tubing. The 
heads were cast so that they could be machined 
readily, and the valve ports were incorporated in 
the rear head. The cylinders and heads were held 
together by four tie rods somewhat similar to paving 
breaker construction. 

Test-stand punching strokes along with practical 
operation on a converter made it possible to deter- 
mine faulty operation or the weakness of any part 
more quickly. There was a gradual improvement in 
construction, also in the durability of parts, and in 
April 1947 it was decided that 50 units should be 
built by some outside manufacturer. Practically all 
of the work to date had been done in the plant 
shops, but experience indicated that a manufacturer 
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with the proper experience, equipment, and facilities 
could make a better machine. 

The method of attaching the punchers to the 
adapters was not entirely satisfactory, so a new 
scheme was worked out. Necessary changes were 
made to one of the Model 6 punchers in order to 
attach this unit to a modified adapter by two side 
rods instead of by the stirrup arrangement used on 
the other punchers. Since the new method of at- 
tachment proved far superior, it was adopted and 
new drawings were made showing this change and 
other improvements in construction recently de- 
veloped. The latest development included changes 
in the choice of materials, and the inclusion of syn- 
thetic rubber “O” ring seals throughout. Tests with 
“OQ” ring seals had demonstrated that, by their 
judicious use, puncher construction could be very 
much simplified and air leakage be reduced to a 
minimum. Drawings showing all of the latest de- 
velopments were now prepared for a new unit to be 
called Model 6A. Two of these punchers were com- 
pleted by a manufacturer late in December 1947. 

In January 1948, one of the Model 6A punchers 
was placed on a converter where it operated along 


Fig. 5—Mechanical puncher installation placed in 
service on Aug. 23, 1948. 


with the Model 6 punchers already in service. The 
new unit was adjusted for a forward stroke velocity 
of 45 fps, and operated for twelve weeks without 
a single failure of any kind. The other Model 6A 
unit was operated over 300,000 strokes (about the 
number of strokes it would make in 1000 days of 
service on a converter) on the test-stand in order 
to determine the durability of the various parts. 
Prolonged test-stand work indicated that minor 
changes should be made to two of the moving parts 
and that these should be made of a suitable alloy 
steel. Another set of drawings showing these and 
other minor changes was immediately prepared, and 
it was agreed that these drawings should be used 
for the manufacture of the 50 punchers previously 
ordered. The latest development was called Modei 
6B (fig. 4), and the manufacturer was instructed to 
complete 50 punchers as quickly as possible. At 
last, after all the years of development work, all 
the tuyeres of a converter were to be equipped with 
mechanical punchers. Bex 
The 50 Model 6B punchers arrived at McGill the 
latter part of June 1948. The necessary air con- 
nections were completed and the converter, with 
the complete mechanical puncher installation, was 
placed in service on the morning of Aug. 23, 1948 


(fig. 5). It is believed that the charge of blister 
copper produced in this converter on this date was 
the first in the history of copper smelting to be suc- 
cessfully produced in a converter with the punching 
operation performed entirely by mechanical 
punchers. 

The converter with the mechanical puncher in- 
stallation has been in regular service, except when 
down for refractory repairs, from Aug. 23, 1948 
to the present time. Very little mechanical trouble 
and no delays to converter operations have been 
experienced. 

The mechanical puncher installation on this con- 
verter has been entirely successful and the disagree- 
able job of hand punching has been eliminated. 
Instead of avoiding this work, men now ask for and 
like the job of operating the mechanical punchers. 
One man can actually complete the 45 punching 
strokes in 30 sec. 

In addition to the many problems and difficulties 
encountered in the development work, there are a 
number of other points, particularly as to operation, 
that should be explained. With the mechanical 
punchers, the punch rod remains inside the tuyere 
pipe; there is no blow back, no waste of blowing 
air, and no loss in pressure during the punching 
stroke. The punch rod is reversed and returns so 
swiftly that no slag or metal follows the tip back 
into the tuyere pipe. Thus the end of the tuyere 
pipe is kept clean, and it is not necessary to ream 
after completing a charge of copper. 

With new refractory brickwork a punch rod long 
enough to penetrate 4 to 6 in. inside the converter 
is used. During operation, the end of the punch 
rod indicates the depth of penetration and a new 
rod of proper length is substituted as required. 
Punch rods often last for weeks, but in time become 
worn, burned, or bent. Long service is explained 
by the quick punching stroke which permits the tip 
to remain inside the converter only about 1/50 of 
a second. A worn or burned tip is re-formed, thus 
reclaiming the rod but making it a little shorter. 

Resistance to air flow, resulting from the punch 
rod remaining in the tuyere pipe, was investigated 
early in the development work. Tests proved defi- 
nitely then that it would not be increased materially 
if the area of the punching tip was not greater than 
the area of the annular ring between the tip and 
the inside of the tuyere pipe. 

In the first campaign with the complete puncher 
installation, iron tubing with an inside diameter 
of 1.69 in. was used for tuyere pipes. With this 
size tuyere pipe, punch rod tips 1.19 in. in diam, 
which had a cross section half that of the pipe, were 
used. The copper production rate with this combina- 
tion was 15 to 20 pct faster than hand punching 
for the same grade of matte. Air measurements 
made during the run confirmed the fact that blow- 
ing air input also increased about the same amount. 
In the next run, extra-strong pipe with an inside 
diameter of 1.9 in., and punch rod tips 1.31 in. in 
diam were used. With this combination it was found 
that blowing air input could be increased to any 
reasonable amount, the limitation being determined 
by slopping through the gas outlet. Perfecting 
operational techniques and experimentation with 
automatic puncher features has dictated use of the 
smaller tuyere for the time being, since the larger 
tuyere with attendant slopping is a problem in it- 
self. Experience to date with the mechanical puncher 
installation has been so favorable that another con- 
verter is now being so equipped. 
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The Effect of Alloying Elements on the 
Plastic Properties of Aluminum Alloys 


by J. E. Dorn, P. Pietrokowsky Glaay ade Thee 


The amount of solid solution hardening in aluminum alloys was found 
to be dictated by two factors: the lattice strain, and the change in the 
mean number of free electrons per atom of the solid solution. To obtain 
this correlation it was necessary to assume that aluminum contributes two 

electrons per atom to the metallic bond. 


HEN the modern scientific method of analysis 

was first being formulated, Francis Bacon re- 
corded in his “Essays” (circa 1600) that “an 
alloy . . . will make the purer but softer metal 
capable of longer life.” During the intervening 
centuries voluminous data have been reported 
which demonstrate that the additions of alloying 
elements do in fact increase the hardness and 
strength of the pure metals. Nevertheless, the sig- 
nificant details of this problem on the unique effect 
of each element toward enhancing the mechanical 
properties of alloys only recently have been sub- 
jected to systematic scientific scrutiny. The major 
objective of this investigation is to determine how 
minor additions of alloying elements affect the 
plastic properties of polycrystalline aluminum al- 
loys. By means of such studies it is hoped to provide 
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not only data on the solution strengthening of 
aluminum alloys, but also a body of facts which will 
supplement the knowledge already available on the 
factors responsible for solution hardening in general. 

A review*” and analysis” of the existing data on 
the effect of solute elements on the plastic properties 
of solid solutions reveal that our current knowledge 
on solid solution hardening is somewhat meager, in- 
consistent, and inconclusive. Many of the incon- 
sistencies are undoubtedly attributable to the in- 
fluence of unsuspected factors, such as purity; or 
uncontrolled factors, such as grain size, on the 
plastic properties of alloys. Nevertheless the follow- 
ing conclusions might be tentatively accepted: 

1. Addition of solute elements invariably in- 
creases the yield strength, tensile strength, and 
hardness of the host element. 

2. The rate of strain hardening, in general, in- 
creases with the concentration of the alloying ele- 
ment. 

3. The strengthening effect in ternary alloys is 
the sum of the individual strengthening effects of 
the two solute elements as measured in their binary 
alloys. 

4. The lattice strain is one factor that affects the 


strengthening of the alloy but it is not the only 
factor. ; 

5. A second factor might be the difference in 
valence between the solute and solvent metals. 

All of the available evidence is in complete agree- 
ment with the first conclusion; the remaining con- 
clusions, however, are not in agreement with all of 
the published data, but, in each case, the major 
weight of the existing evidence favors these deduc- 
tions. 

Additional investigations will be required before 
most of these tentative conclusions can be accepted 
without reservation. In the following report an ex- 
tensive investigation of the plastic properties of 
binary aluminum alloys is described. This work 
was undertaken in an attempt to shed more light on 
the general problem of solid solution hardening. 

Materials for Test: Aluminum was selected as the 
solvent metal for the present investigation on the 
effect of solute elements on the plastic properties of 
alloys. This choice was made for several reasons: 
(1) There appears to be little fundamental data in 
the published literature on the effect of solute ele- 
ments on the properties of high-purity aluminum 
alloys. In view of the ever increasing economic im- 
portance of aluminum, such data would be of basic 
interest to the metallurgists concerned with the de- 
velopment of new aluminum alloys. (2) Aluminum 
is thought to be only partially ionized in the metallic 
state® and consequently it might provide more com- 
plex relationships of the mechanical properties with 
the concentrations of the solute elements than more 
simple fully ionized solvents would reveal. (3) The 
data on aluminum alloys will provide a broader 
basis for correlations between the mechanical prop- 
erties of metals in general and the concentration 
and atomic properties of the solute elements than is 
now available. 

Some complications, however, attend the selection 
of aluminum: The solubility of the various elements 
in the alpha aluminum phase are quite restricted, 
and not always well known. Consequently, only 
dilute solid solutions are available for study. This, 
however, may be somewhat advantageous because 
the dilute solution laws presumably are simpler 
than those applying to concentrated solutions. In 
addition, strain-hardened pure aluminum is known 
to recover at atmospheric temperatures. Very likely 
its alloys exhibit slower recovery rates. Thus, the 
secondary factor of effect of alloying elements on 
recovery might complicate the data. Such compli- 
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CallOlls, NoOwever, can be eliminated by testing at 0.375 in. at 750°F. These slabs were then annealed 
lower temperatures providing that the temperature _ for 2 hr at 650°F, cooled in air, and then cold-rolled 
is sufficiently low to prevent the supersaturated al- to a thickness of 0.100 in. 
oe from experiencing strain-aging or precipitation The original plan called for recrystallization treat- 
hardening» effects. The wide interest in, and the ment for each cold-rolled alloy at appropriate temp- 
industrial importance of, aluminum alloys prompted eratures to obtain approximately the same grain 
the selection of aluminum as the solvent metal for size for each material. When small specimens of the 
this study in spite of the difficulties that might be various alloys were recrystallized and examined 
encountered. & microscopically, it was noted that the etching was 
The chemical compositions of the various alloys somewhat nonuniform, except for the pure alumi- 
which were investigated are given in table I. Speci- num and the copper series. Suspecting that this 
mens for chemical analyses were taken from each might be due to chemical heterogeneity, all of the 
melt just before pouring the ingot. All of the alloys alloys, which exhibited nonuniform etching char- 
except the Cu series were prepared from pure alu- acteristics, were given a homogenization treatment 


minum A; the Cu series of alloys were prepared at as outlined in table II. The various temperatures 
a later date from pure aluminum B stock. Analyses were selected with reference to the solidus temp- 
for the major alloying constituent were determined erature of each alloy. After the above treatments 
Table I. A uniform etching was obtained and sharp X-ray 
Chemical Analyses of Alloys back reflection lines resulted indicating good 

Alloying | Atomic | Atomic | Weight Pet of Residual Impurities homogeneity. 
Element Pet |Number| Si Fe Cu | Mg | Mn Each alloy exhibited a somewhat different grain 


size after the above-mentioned homogenization 


Aluminum A 0 (13) 0.003 | 0.003 | 0.006 |0.001 i 
Aluminum B 0 (13) 0.003 | 0.004 | 0.002 0.0006 0.001 treatment. Therefore, each homogenized alloy was 
cold-rolled from 0.100 to 0.070 in. thickness pre- 
a eee is eke Lrildostt older ceding the recrystallization treatment for uniform 
1.097 0.004 | 0.004 | 0.007 grain size. After a preliminary survey of recrystal- 
1.617 0.003 | 0.004 | 0.006 eal 
3/998 0.003 | 0.004 | 0.007 ization temperatures, the final schedule for recrys- 
tallization sh i - 
eee pen an i, ee ean eer on shown in table III was adopted. All re 
0.054 0.003 | 0.004 0.0007] 0.001 crystallization treatments were conducted in a salt 
0.101 0.003 | 0.003 0.0006| 0.001 
3 0.003 | 0.004 0.0006 | 0.001 AW Hust 
Table III. Recrystallization Treatment and Grain Size 
Zine 0.211 30 0.004 | 0.004 | 0.006 |0.001 
0.402 0.004 | 0.005 | 0.006 | 0.001 ; : 
0.755 0.004 | 0.005 | 0.006 |0.001 a bounie SamG sa oe CUTE ore ee 
1.616 0.003 | 0.005 | 0.007 | 0.001 pe ey Ect mS tere CE Ow a wce nin 
Mm. 
Germanium | 0.015 32 0.004 | 0.004 | 0.006 | 0.001 
0.033 0.004 | 0.004 | 0.006 | 0.001 ; 
0.082 0.003 | 0.005 | 0.007 | 0.001 Aluminum A 45 925 0.53 
0.145 0.003 | 0.006 | 0.007 |0.001 Aluminum A 30 850 0.33 
Aluminum A 10 800 0.21 
Silver 0.025 47 0.003 | 0.005 | 0.006 | 0.001 Aluminum A 0.5 800 0.13 
0.053 0.003 | 0.005 | 0.006 |0.001 Aluminum A 2 775 0.11 
0.100 0.003 | 0.005 | 0.007 | 0.001 Aluminum B 15 800 0.26 
0.194 0.003 | 0.006 | 0.007 | 0.001 F 
Magnesium 0.554 10 800 0.25 
Cadmium 0.012 48 0.004 | 0.005 | 0.006 |0.001 1.097 10 800 0.28 
0.029 0.004 | 0.005 | 0.006 |0.001 1.617 10 800 0.26 
0.043 0.004 | 0.005 | 0.006 |0.001 3.228 10 800 0.27 
: 004 | 0. : 001 
os BOF 1 2.008 Gf 0.008 18 Copper 0.029 90 800 0.29 
0.054 75 800 0.29 
by the usual chemical methods while the traces of eee oa nee nee 
impurities were evaluated by spectrochemical analy- oe epee y a50 ae 
ses. The authors express their sincere appreciation 0.402 10 720 0.27 
to the Aluminum Research Laboratories and their o8 5 ee aoe 
i nd making the 
staff for preparing these alloys a g rt ate epee Arete “A sa rae 
chemical analyses. 0.033 5 700 0.26 
The various heats were melted in a plumbago Se BO ue en 
crucible in an electric resistor furnace. After the .. ye 25 ma nee 
high-purity aluminum was melted it was fluxed 0.053 30 700 0.29 
for 2 min with chlorine gas after which the high- or0y 20 ae p28 
purity alloying elements were added and a second ro Fapiel are = nee ee 
fluxing treatment with chlorine gas of about 1-min 0.029 5 900 0.26 
duration followed. Immediately after sampling for oes ae one O31 


chemical analysis each melt was poured at a temp- 
erature of 1325°F into a 1.5x7x8 in. tilt mold ingot. rat} 
Each ingot was scalped and then preheated 6 hr at bath furnace and the specimens were cooled in air. 
920°F prior to rolling to a nominal thickness of Grain size measurements were made by taking a 
linear count of the number of grains across the 


Table II. Homogenization Treatment width of the specimen at 100 magnification. The 
average of three counts was taken as the grain size. 


Aley, eh a pomperavere Testing Procedures: The tensile specimens were 
; Pe carefully machined from 0.070 in. thick sheet with 
aches 8days at 820°F their axes in the rolling direction. The reduced 
Copper i age eile pees section of the specimen was 3 in. long and 0.250 in. 
aie 5 hr to 812°F wide; the central 2.00 in. of the reduced section 
CatedhiGin ahs of qaF was used as the gauge length. After machining, the 
Silver Bdays at 1,017°F specimens were given the appropriate recrystalli- 
Cadmium 3 8days at 1,017°F 


zation treatment for uniform grain size, and the 


EE Se ee 


934—JOURNAL OF METALS,. JULY 1950, TRANSACTIONS AIME, VOL. 188 


width and thickness of each specimen was gauged 
with a hand micrometer sensitive to -£0.0001 of 
an inch. 

The load was measured using a proving ring 
equipped with a dial indicator, and was sensitive to 
+l% lb. A rack and pinion strain gauge having a 
2-in. gauge length was used to measure elongations. 
Periodic calibrations showed this gauge to yield 
strains accurate to within +0.001 in. All tests were 
conducted at a true strain rate of approximately 
9.5x10~ per sec. 

The tensile tests at 78°K were conducted in a 
special container with the specimen in direct con- 
tact with liquid nitrogen. The 116°K test tempera- 
ture was obtained with the specimen in a “freon 12” 
bath. Liquid nitrogen was circulated through a 
coil of copper tubing in the freon bath. Solid freon 
formed on the coils and was allowed to melt during 
the tensile test, maintaining constant test tempera- 
ture. Tests at 194°K were conducted with the speci- 
men in a bath of acetone and solid CO., a screen 
restricted the solid CO, particles from direct con- 
tact with the specimen and extensometer. The ten- 
sile tests at approximately 295°K were conducted in 
the atmosphere. 


X-Ray Study of Alloys: The effects of preferred 
orientation upon the properties of metals have been 
extensively investigated. It is well known that such 
properties as yield strength, tensile strength, and 
elongation of polycrystalline alloys are dependent 
upon the degree of preferential crystallographic 
orientation. The possibility of the presence of dif- 
ferent degrees of preferred orientation in the tensile 
test specimens of the various alloys of this study 
was recognized and an X-ray study of all the alumi- 
num alloys was conducted. The tensile specimens 
that were tested at liquid nitrogen temperature were 
used for this investigation because they showed the 
greatest strain hardening and might, therefore, have 
developed the most pronounced preferred orienta- 
tion of grains. 

After each tensile test at liquid nitrogen tempera- 
ture had been completed, a back reflection X-ray 
picture of the specimen was taken. Because of the 
relatively large grain size of the tensile specimens 
it was necessary to place the specimens on a linear 
oscillator to obtain Debye-Scherrer rings on the 
back reflection pictures. Only two exposures of 
each specimen were made. In one, the X-ray beam 
of characteristic copper radiation was directed nor- 
mal to the rolling plane whereas in the other it was 
directed normal to the edge of the specimen. All 
of the alloys excepting those containing 0.029 and 
N,101 at. pct Cu, 0.043 and 0.065 at. pct Cd, and 0.015 
at. pct Ge indicated random grain orientation in 
this state. In the cases of the few exceptions the 
degree of preferred grain orientation was so slight 
that it was considered to be negligible. 


Precision Lattice Constants: One factor that is 
known to affect the amount of solid solution 
strengthening is the local lattice strain caused by 
the difference in the atomic radii of the host and 
foreign atoms. No exact method has yet been devised 
for determining the local lattice strains. As a first 
approximation the local lattice strain might be esti- 
mated by applying Vegard’s law to the known data 
on the atomic radii of the elements. Two possible 
sources of error, however, might be introduced by 
this procedure. First, Vegard’s law is known to have 
only approximate validity and, second, the atomic 
radius of a solute element might be a function of its 


LATTICE CONSTANT - Gg (Kx UNITS) 


environment in the lattice of the host element and 
thus differ from the radius of the element in its 
native state.’ It appeared to be desirable, therefore, 
to determine the change in lattice constant for the 
alloys under investigation directly, in order to meas- 
ure the lattice strains which they induce. Of course, 
this procedure provides a measure of the mean 
lattice strain rather than the local lattice strain. 


LATTICE CONSTANT = Oy (Kx UNITS) 
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ATOMIC PER CENT 


Fig. 1—Effect of alloying elements on the lattice 
constant of aluminum. 


But it is expected that in binary alloys the local 
lattice strains are related in some simple manner 
to the mean lattice strains. Consequently, it might 
be justifiable to use the mean lattice strains in lieu 
of the local strains for the comparisons planned here. 

A 10 cm diam symmetrical precision focusing 
camera having a Bragg angle range from 54.7° to 
86.4° was used to determine the lattice parameters 
of the various alloys. The X-ray beam consisted of 
the unfiltered radiation from a copper target source 
powered with an XRD unit. 

Powders for X-ray specimens were prepared from 
the completely homogenized alloy sheets by filing. 
After particles larger than a 200 mesh were removed 
by screening, the powder was sealed in pyrex tubes 
and annealed for 1% hr at 485°F for relief of 
stresses. Spectrographic analyses of the powdered 
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Fig. 2—Effect of alloying elements on the lattice 
constant of aluminum. 
(Axon and Hume-Rothery.1) 


specimens before and after annealing showed that 
no contamination by silicon occurred during the 
annealing. 

Films for the entire series of alloys of one element 
were cut from the same sheet of X-ray film in con- 
secutive order. Corrections for uniform film shrink- 
age were made by the utilization of calibration lines 
which were printed on all films prior to their ex- 
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Fig. 3—Effect of grain size on the true stress-true 
strain curve of pure aluminum A at four test tem- 
peratures. 


(Strain rate, 9.5x10-4 per sec.) 


posure in the 10 cm focusing camera. Furthermore, 
films from each series of four alloys of the same 
alloying element were developed simultaneously. 

Films were read with the aid of a low power 
traveling microscope which was actuated by a lead 
screw and calibrated drum mechanism. Errors in 
the lead screw pitch were measured with a Bureau 
of Standards calibrated meter bar, B.S. No. 4371. 
Consistent measurements of one thousandth of a 
Bragg degree were readily obtained. To keep the 
precision lattice constant results consistent with 
those reported in the literature, the wave length 
of the copper radiation used for calculations was 


Table IV. Precision Lattice Constants in kx Units 
Corrected to 25°C 


| Lattice 
Alloy Atomic Pet, Constant do 
eee ee SS 
Aluminum A 4.0413(0) 
Aluminum B 4.0412 (6) 
M sium 0.554 4.0432 (6) 
ng 1.097 4.0454(5) 
1.617 4.0474(9) 
3.228 4.0530 (6) 
0.029 4.0411(0) 
ata 0.054 4.0408 (7) 
0.101 4.0406 (9) 
0.233 4.0403 (8) 
i 0.211 4.0411(3) 
oe 0.402 4.0409 (8) 
0.755 4.0407 (1) 
1.616 4.0402 (0) 
i 0.015 4.0413 (0) 
Germanium oat 4.0413(5) 
0.082 4.0413 (9) 
0.145 4.0414(9) 
i 0.025 4.0412 (8) 
eae 0.053 4.0412(9) 
0.100 4.0413(1) 
0.194 .4.9413(1) 
i 0.012 4.0411(6) 
Cadmium aa | 4.0411(0) 
0.043 4.0410(6) 
; 0.065 | 4.0410(6) 
| eee 


evaluated in kx units. In order to determine the 
average temperature for each exposure, a thermo- 
couple was placed just above the specimen in the 
focusing camera. The average variation in temp- 
erature during any one exposure was about+16°C. 
All lattice constants were corrected to a standard 
temperature, 25°C, taking 23.1x10° to be the value 
of the linear coefficient of expansion for all of the 
aluminum alloys; according to Hume-Rothery,” the 
difference in the coefficient of expansion among the 
various aluminum alloys is negligible if the temp- 
erature correction is less than 10°C. No corrections 
for the index of refraction were made. Extrapola- 
tion to a Bragg angle of 90° was accomplished by 
use of the method described by Nelson and Riley.” 

The precision lattice constants for all of the alloys 
that were studied in this investigation are pre- 
sented in table IV; included in this table are the 
lattice constants for the two different parent metals 
used in alloying, namely, pure aluminum A and 
aluminum B. The effect of concentration of the al- 
loying elements on the lattice parameters of alu- 
minum alloys is shown in fig. 1. 

A comparison between the results of Axon and 
Hume-Rothery,” which are reproduced in fig. 2, and 
the data of this investigation show in general a 
fairly good correlation, in spite of the slight dif- 
ferences in purity of the host aluminum that was 
used in the two investigations. 

The data recorded here and those presented by 
Axon and Hume-Rothery for the Al-Ag, Al-Zn, and 
Al-Ge systems show excellent agreement; further- 
more, the lattice parameters for each of these alloy 
systems is a linear function of the atomic percent of 


Table V. Change in Lattice Parameter for One Atomic 
Percent of the Alloying Element In kx Units 


Aa Aa 
Axon and Hume- Present 
Element Rothery Investigation 
Magnesium + 0.00345 + 0.00363 
Copper —0.00488 —0.00495 
Zine —0.000605 —0.00068 
Germanium + 0.00166 + 0.00138 
Silver 0.00000 0.00000 
Cadmium —0.00349 


the solute element. Whereas Axon and Hume-Roth- 
ery suggest that the lattice parameter for the Al-Cu 
alloys increases linearly with the atomic percent of 
copper and that the Al-Mg system yields a curvili- 
near relationship, the data recorded here indicate 
that the Al-Cu system gives a curvilinear relation- 
ship, while the Al-Mg system again gives a linear 
relationship. In view of the rather careful experi- 
mental determination of the lattice constants in both 
investigations and particularly in view of the small 
range of concentrations of alloying elements which 
were included in this analysis, it appears as if the 
nonlinear data are accidental and the relationship 
between lattice strain and atomic percentage for 
each alloy series is truly linear over the range of 
conditions investigated here. 

The results for the Al-Cd alloys indicate that the 
solubility limit was exceeded in the two highest con- 
centrations of this series. No additional X-ray lines 
for cadmium were observed in the diffraction pic- 
tures and no cadmium phase was detected upon 
metallographic examination. But these techniques 
might not have been sensitive enough for the detec- 
tion of the small amount of the precipitated cad- 
mium phase. The suspected solubility limit of cad- 
mium in aluminum, as determined from the present 
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lattice constant data, however, agrees well with the 
best available data reported by Mondolfo” for the 
Al-Cd system. Consequently, the data on the plastic 
properties for the two highest concentrations of 
cadmium must be deleted from comparisons of solid 
solution hardening. 

For purposes of future reference the change in 
lattice parameter for 1 at. pct of the various alloy- 
ing elements is given in table V. These data were 
evaluated using the best straight line through the 
experimental points. 


Experimental Results: The plastic properties of 
polycrystalline alloys are known to depend not only 
on the concentration of the various alloying elements 
but also on their grain size. Although Lacy and 
Gensamer” have shown that the plastic properties 
of binary ferrites are rather insensitive to nominal 
variations in grain size, Frye and Hume-Rothery” 
indicated that the hardness of silver alloys is sensi- 
tive to changes in grain size. Inasmuch as aluminum, 
like silver, exhibits a crystallographically face- 
centered cubic structure, it was expected that its 
plastic properties might also be sensitive to rather 
small variations in grain size. In order to determine 
the effect of grain size on the plastic properties of 
aluminum alloys, the data presented in fig. 3 were 
obtained. Pure aluminum A was selected for this 
purpose and was heat treated in accordance with 
the schedule shown in table III to obtain the various 
grain sizes. It is immediately evident that the 
plastic properties of pure aluminum are very sensi- 
tive to grain size over the range of grain size, strain 
rate, and temperature which was investigated. 
Obviously not only the initial flow stress but also 
the rate of strain hardening increases with decreas- 
ing grain size. The final point on each graph repre- 
sents the point at which the tensile specimen first 
experienced necking. Thus decreasing grain size 
also results in greater uniform strains in tension. 
Furthermore, the effect of decreasing grain size on 
increasing the flow stress of aluminum alloys be- 
comes most pronounced at the lowest test tempera- 
ture. 

Hollomon” has shown that the empirical relation- 
ship: 

C= KE [1] 


o=—flow stress 

E=true plastic strain 
k=—flow stress at unit strain 
n—work hardening index 


where: 


is quite valid for many steels and also some non- 
ferrous alloys. When this relationship is valid the 
plastic properties of materials can be simply re- 
lated to the two parameters k and n. Lacy and 
Gensamer used this relationship advantageously in 
their investigations on binary ferrites. It was the 
original plan of the present authors to evaluate the 
effect of alloying elements in aluminum with their 
effects on k and n of eq 1. Unfortunately, as shown 
in fig. 4, this simple relationship is not valid for 
high purity aluminum. According to eq 1 the logar- 
ithm of the stress should be a linear function of 
the logarithm of the strain. As shown in fig. 4, how- 
ever, the logarithm of the stress is actually a curvili- 
near function of the logarithm of the strain. Con- 
sequently this simple approach to the evaluation 
of the plastic properties of aluminum alloys had 
to be discarded. Correlation with other empirical 
relations were attempted but none of them agreed 
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Fig. 4—Failure of the relationship o = KE” for 
pure aluminum A. 


well enough with the data to warrant their use in 
this investigation. Consequently, it became neces- 
sary to use the experimentally determined true 
stress-true strain curves directly as a basis for com- 
paring the effects of the various alloying elements on 
the plastic properties of aluminum alloys. 

The stress-strain curves for pure aluminum and 
for four compositions of each of the six different 
alloying elements were determined at four temp- 
eratures each. The stress-strain curves for the alu- 
minum-copper alloys at the four test temperatures 
are shown in fig. 5. Before any elaborate analyses 
were attempted on the data for the various alloy 
systems, it was considered advisable to ascertain 
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Fig. 5—Effect of copper on the true stress-true 
strain curve of aluminum at four test temperatures. 
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Fig. 6—Effect of atomic percent copper (29) on the 
flow stress of aluminum for various strains. 


how thoroughly self-consistent these data were 
among each alloy system over the range of tempera- 
tures which were investigated. 

The good internal self-consistency of these data 
was revealed by cross-plotting the flow stress as a 
function of the atomic percent of the added element 
for a series of strains. The values used in these plots 
were interpolated from the original true stress-true 
strain data. Since the average grain diameter of the 
alloy specimens was about 0.28 mm, the data used 
in these plots for pure aluminum were also taken 
for the same grain size. Representative cross-plots 
of this type are shown in fig. 6 for the aluminum- 
copper alloys. Inasmuch as the Al-Cu series were 
prepared from pure aluminum B, a slight additive 
correction was applied to the Al-Cu series in order 
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to permit direct comparisons with the remaining 
alloy systems. 

In order to ascertain whether the various alloys 
respond in an analogous fashion to changes in tem- 
perature, the flow stress for a strain of 0.150 was 
plotted as a function of the test temperature for 
each alloy. In fig. 7 are shown typical plots of this 
kind for various concentrations of the different 
alloys. These curves reveal that the same qualita- 
tive trends of solution: hardening are observed in- 
dependent of the test temperature. 

This uniformity of data suggests that none of the 
alloys which were tested exhibited any anomalous 
behavior which could be attributable to possibilities 
of precipitation hardening, strain aging, or anoma- 
lous recovery. If these phenomena are present, they 
do not appear to alter the relative order of the 
alloys with respect to their effects on solid solution 
strengthening. 

Discussion of Results: The cross-plots obtained 
from the true stress-true strain data revealed that 
the flow stress of binary aluminum alloys invariably 
increased with increasing atomic percentages of the 
solute elements. The effect of alloying elements was 
most pronounced at the lower concentrations and 
became less effective for the higher percentages of 
the alloying elements. Furthermore, alloying addi- 
tions not only increased the yield strengths of metals 
but also simultaneously induced greater rates of 
strain hardening. 

The uniform strain up to the point of inception 
of necking in the tension tests exhibited appreciable 
scatter. These data, however, indicated that the 
strains to necking invariably increase with decreas- 
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Fig. 8—Effect of lattice strains on the Meyer’s 


hardness number of copper alloys. 
(Frye and Caum.12) 


ing test temperatures. On the other hand, the effect 
of alloying additions on the strain to necking is 
minor, being only slightly greater than the experi- 
mental scatter. In general, increasing concentrations 
of alloying elements appeared to reduce the uniform 
strain; but, probably due to scatter in these data, a 
few cases existed which showed contradictory 
trends. 

It would indeed be interesting to ascertain quan- 
titatively the effect of each alloying element on the 
flow stress of its matrix metal as a function of tem- 
perature. Unfortunately the theoretical bases for 
such comparisons are not available and all compari- 
sons that might be made at present are complicated 
by the effect of temperature of straining on the rate 
of strain hardening.” Nevertheless, a qualitative 
picture of this effect can be deduced from the data 
reported here. 

In general, straining at a lower temperature is 
known to induce a greater amount of strain harden- 
ing than that introduced by the same strain at a 
higher temperature. In spite of this fact, the in- 
crease in flow stress upon alloying, as measured at 
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a fixed strain, is less at the lower test temperature. 
Consequently, the influence of solute elements on 
solution strengthening increases, without known ex- 
ception, with increasing temperature of test. 

Lattice strains are known to be one of the factors 
that is responsible for solid solution strengthening. 
Some of the earlier data on the effect of alloying 
elements on solution hardening seem to imply that 
other factors might also be effective in causing solu- 
tion hardening. The data obtained in this investiga- 
tion for the Al-Ag alloys reveal conclusively that 
this is indeed so. In spite of the fact that silver 
induces practically no lattice strain, it nevertheless 
causes appreciable solid solution strengthening. 

Some existing data suggest that a second factor 
is associated with the atomic period of the solute 
elements in such a way that the solution strengthen- 
ing is dependent solely on the lattice strain for all 
solute elements having the same ionic core, inde- 
pendent of their valence, whereas elements from 
other periods exhibit appropriately different rela- 
tionships between solution hardening and lattice 
strain.” This viewpoint is unacceptable to the pres- 
ent authors; it is indeed more likely that the second 
factor is actually associated with the conditions of 
metallic bonding as evidenced by the difference in 
valency of the host and foreign elements. At least 
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this appears to be a more logical assumption and in 
addition it has partial confirmation when some of 
the best currently available data on solution harden- 
ing are correlated with the valence of the solute 
elements. 

Frye and Caum” determined the effect of various 
solute elements of the third period of the Periodic 
Table of Elements on the Meyer’s Hardness Number 
of copper alloys. The experimental values of Meyer’s 
Hardness Numbers, P, and P, for the alloys that 
were investigated are given as functions of the 
change in lattice parameter in figs. 8 and 9 where 


Pa 


(for impressions of unit diameter) 


4aD"”* (for impressions equal to di- 


Pa 
oT ameter of penetrator) 


a = load required to make an impression of 
unit diameter (1 mm) 

nm == a measure of the rate of strain hardening 

D = diameter of the impressed sphere (4 mm). 


It is immediately apparent that the amount of solu- 
tion hardening is not solely a function of the lattice 
strain. 
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Fig. 10—Meyer’s hardness vs. a composite strain 
hardening function for the data of Frye and Caum. 


The results on solid solution strengthening of 
aluminum alloys suggested to the authors that solid 
solution hardening depends on both the mean lattice 
strain and the change in the average number of 
electrons per atom upon the addition of solute ele- 
ments. If the change in the average number of 
electrons is small, as is the case for dilute solutions, 
the effect of lattice strain and change in the number 
of electrons should be additive. Thus, the hardness 
of alloys would then depend on the function 


F ==, [pA Ge|o+kp| Avel 


where 
Aa = the change in lattice constant 
se __Atomic Percent Rolute (Valence oP Sohutee 


100 Valence of Solvent). 
The Meyer’s Hardness Numbers obtained by Frye 
and Caum” are plotted as a function of F in fig. 10. 

The value of k=1 was selected to provide good 
agreement between the data. For k> 1.5 or < 0.5 
considerably greater scatter was obtained. The 
rather excellent correlation between the hardness as 
a function of lattice strain and valence electrons is 
further supported by the results to be described in 
the main text of this report on the solution strength- 
ening of aluminum alloys. 

If two factors affect the plastic properties of alloys, 
it is quite possible that these factors will individu- 
ally have unique effects on the flow stress. It is 
conceivable that one factor, for example, might ex- 
hibit its major affect on the yield strength and only 
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Fig. 11—Stress-strain curves for various aluminum 
alloys at 295°K. 
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Fig. 12—Strain hardening equivalency of the vari- 
ous solute elements as based on the strain harden- 
ing of the aluminum-copper alloys. 


slightly modify the rate of strain hardening whereas 
the second factor might, in contrary fashion, cause 
a pronounced increase in the rate of strain harden- 
ing but only affect the yield strength in a minor 
way. If this were so, various combinations of initial 
flow stress and rates of strain hardening would be 
achievable by appropriate selection of alloying ele- 
ments. In fact each element might exhibit some 
unique effect on the plastic properties. In order to 
test this concept the general shapes of the stress- 
strain curves were compared in order to ascertain 
whether or not they are similar. A typical plot for 
this comparison is shown in fig. 11. In general the 
stress-strain curves for the various aluminum alloys 
appear to be members of a family of curves, sug- 
gesting that the effects of the various elements might 
be analogous. Only two minor exceptions are no- 
ticeable: Alloying with Cd and, to a lesser extent, 


Table VI. Flow Stress Values for Aluminum Alloys 
Containing Equivalent Atomic Percentages of Various 
Solute Elements 


True Strain 


Atomic 
el 0.05 | 0.10 0.15 | 0.20 | 0.25 
295°K 
ee ee eee ee 
1,070 
0.390 pct Zn 6,000 7,600 8,750 9,800 j 
0.194 pct Ag 6,000 7,650 8,700 9,500 shee 
0.028 pct Cu 5,980 7,650 8,850 9,800 Hinkle 
0.043 pet Ge 6,250 7,800 8,700 oie r 
0.075 pet Mg 6,000 7,800 8,800 9,80 
wo Te SSS ee 
194°K 
sn pee) oT AL ee 
0.390 pet Zn 7,100 tes ed 12,800 13,400 
.194 pet A; 7,500 10,00 ‘ 
01028 Ret Cau 6,700 9,200 10,800 12,400 ian 
0.043 pet Ge 7,200 9,600 11,100 12,400 Fi 
_ 0.075 pct Mg 6,700 9,400 11,000 12,400 


a ee ie 
ieee 2) a SS 


0.390 pet Zn 8,500 12,600 15,500 ies 19,300 
0.194 pet Ag 9,000 12,700 15,300 es Ses00 
0.028 pet Cu 8,500 12,600 15,500 ane ts b06 
0.043 pct Ge 8,800 12,900 15,500 aa 000 eaiauo 
0.075 pct Mg 8,500 13,000 15,800 A ’ 


ae 


0.390 pct Zn} 9,600 15,700 | 20,000 | 23,490 | 26.200 
0.194 pet Ag| 10,200 15,500 | 20,000 | 23,300 | 25.700 
Oe eer Ga Paetoes 12'700 aoeoo | 237100 «| 25,700 
Soe evan Bot00 15.700 | 20,000 93.800 | 26.200 


0.075 pet Mg 9,700 


ene 


alloying with Ag appear to yield aluminum alloys 
that have slightly lower rates of strain hardening 
than is obtained in alloys of the remaining elements 
under consideration here. Since no change in lattice 
parameter of aluminum is detectable upon alloying 
with silver, it is reasonable to suspect that the solu- 
tion hardening due to silver is attributable to a 
valency effect. Other alloying elements such as Cu, 
Ge, Mg, and Zn do not appear to induce unique 
plastic properties, whereas Cd, which has the same 
valence as Zn and Mg, appears to have a lesser rate 
of strain hardening than the remaining elements 
that were studied. Consequently, there is no basis 
at present for attributing the lesser rate of strain 
hardening of the Ag and Cd alloys to a valency 
effect. A possible cause of the slightly smaller rates 
of strain hardening of the Ag and Cd alloys is re- 
vealed by reviewing the grain sizes shown in table 
III. In general the grain sizes used in this investiga- 
tion for the Ag and Cd alloys were slightly greater 
than those of the other alloying elements. As shown 
in fig. 3, the rate of strain hardening is lower for 
larger grain sizes. Consequently, the smaller rates of 
strain hardening for the Ag and Cd series of alloys 
probably are partly attributable to grain size dif- 
ferences. 

In order to illustrate the approximate equivalent 
characteristics of the various alloys, the stress-strain 
data shown in table VI were assembled. These data 
were taken directly from cross-plots of flow stress 
as a function of atomic percent added element. The 
data for the Cd alloy could not be included in this 
series because the flow stress for the highest con- 
centration of Cd that was investigated fell below 
the values given in table VI. 

The data of table VI reveal that binary aluminum 
alloys containing the recorded atomic percentages of 
the various solute elements, have almost identical 
plastic properties. Although the alloy containing 
0.194 at. pct Ag strain hardens slightly less rapidly 
than most of the remaining equivalent alloys, its 
plastic properties are not drastically different from 
those of the other alloys. The various compositions 
of binary aluminum alloys that are recorded in 
table VI, therefore, represent equivalent composi- 
tions insofar as they cause equal solid solution 
strengthening over wide ranges of test temperatures 
and strains. 

Cross-plots of flow stress vs. atomic percent added 
element were used to determine the atomic percent- 
age of copper required to give the same stress-strain 
curve as each of the alloys. These data were plotted 
in fig. 12 in terms of the atomic percent of the alloy 
as a function of its copper equivalent, E. To illus- 
trate the significance of fig. 12 consider the highest 
datum for the Zn alloys. Comparison of the stress- 
strain data of the Zn alloys with the Cu alloys re- 
vealed that an alloy containing about 1.6 at. pct Zn 
gave identical stress-strain curves at each temp- 
erature investigated as was obtained for an alloy 
containing about 0.1 at. pct copper. On this basis the 
equivalent E for copper is equal to its atomic per- 
cent and consequently is represented by a 45° line 
on the log-log plot of fig. 12. The various data for 
Zn and Ge also gave 45° lines illustrating that for 
these alloys, the linear relationship 


E = K & (atomic percent) [2] 


is valid; K being defined as the copper equivalent 
for 1 at. pet of the various solute elements. Only 
one datum each could be obtained for the Cd and Mg 
series of alloys. Inasmuch as Zn and Ge yielded a 
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linear relationship between their atomic percentages 
and the copper equivalent, and because over the 
small ranges of variables under consideration almost 
any functional relationship will become linear, 
straight lines at 45° to the coordinate axes were also 
drawn for these elements. The conclusive validity 
for this procedure will be substantiated later. 

It was not possible to obtain highly accurate 
equivalent values for the Ag alloys as shown by the 
scatter in these data due to the fact that they work 
hardened slightly less rapidly than the remaining 
alloys. Nevertheless a best straight line at 45° to 
the coordinate axes was also drawn through the 
scatter of the Ag alloy data. ; 

Reference to fig. 12 reveals that for equal atomic 
percentages of the alloying elements, copper causes 
the greatest solid solution strengthening, and that 
the remaining elements Ge, Mg, Cd, Ag and Zn are 
successively less effective for solid solution strength- 
ening. The value of K, which is the copper equiva- 
lent for’ 1 at. pct of the various elements, is given 
in table VII. In addition the chemical valence and 
the change in lattice parameter are also recorded 
for future reference. 


Table VII. Equivalent Concentrations for One Atomic 
Percent of the Solute Elements 


Aa 

Solute K in kx units Atomic Val- 

Element per 1 At. Pct Number ence 
Copper 1.00 —0.00495 29 1 
Germanium 0.64 + 0.00138 32 4 
Magnesium 0.37 + 0.00363 12 Z 
Cadmium 0.33 —0.00349 48 2 
Silver 0.15 0.00000 47 1 
Zine 0.071 —0.00068 30 2 


A preliminary survey of the data of table VII 
reveals that K is not a simple function of Aa per 1 
at. pct of the element, nor is it exclusively a simple 
function of the valence of the addition element. It 
would indeed be gratifying now to be able to as- 
certain what factors affect the K values. 

Mott and Nabarro™ have stated recently that the 
yield stress for solid solutions is given by the rela- 
tionship 


o = Go [N*% (In N)?] [3] 
where 
G = shear modulus of elasticity 
1 Aa 
i 
a = lattice constant 
4a/AN = the change in lattice constant per mol 


of the alloying element. 


This equation was derived on the basis of the dis- 
location theory appropriate for single crystals of 
dilute alloys in which local lattice strains might in- 
hibit the migration of a dislocation. A few checks on 
the accuracy of this theory were made with the 
present data on aluminum alloys in spite of the 
fact that the theory was formulated for single 
crystals. Unfortunately, this theory is not in quali- 
tative agreement with the present data. Perhaps 
the major reason for the failure of this theory is 
associated with the fact that it was predicated on the 
hypothesis that the amount of solution hardening is 
a quadratic function of the lattice strain only and 
that other factors such as valence are not significant 
factors in causing solid solution hardening. 


In view of the failure of the best theories that are 
available for correlating the effect of alloying ele- 
ments on solution hardening, it now becomes neces- 
sary to deduce what factors are significant directly 
from the experimental data. Toward this objective 
the values of K, the equivalent per atomic percent 
of the alloying elements, were plotted asa function 
of the absolute value of the change in lattice par- 
ameter per atomic percent solute, as shown in fig. 13. 
It is again immediately apparent that the values are 
not a simple function of the lattice strain. 

It appeared to be logical to assume that the K 
values depended not only on lattice strain but also 
on the valence of the solute atoms. On the basis of 
this assumption, all elements contributing the same 
number of electrons to the binding of the metals 
should exhibit the same K values at equal lattice 
strains. Since the solutions under study here were 
dilute solutions and since the equivalent percentage 
of each alloy system increased linearly with the 
atomic percent of the solute atom, it was reasonable 
to assume that K for all elements of the same va- 
lence was also a linear function of Aa per atomic 
percent of the solute. A straight line was therefore 
drawn through the data for the elements having a 
valence of two, namely, Zn, Mg, and Cd, as shown in 
fig. 13. It is significant to note that this line also 
passes through the origin. Another straight line was 
then drawn through the data for the elements hav- 
ing a valence of one, namely, Ag and Cu. The 
straight line for the monovalent elements not only 
fails to pass through the origin of the coordinate 
system but it also has a greater slope than that for 
the bivalent elements. This suggests that the line 
for the quadrivalent elements, of which Ge is the 
only representative element that was investigated, 
also should have a different slope and different in- 
tercept at Aa =— 0, from the other elements, as 
indicated by the broken line. 

Inasmuch as the lattice strain upon alloying 
aluminum with silver is negligible, the solution 
hardening caused by silver is probably attributable 
to the difference in valence between silver and 
aluminum. If then the value of K at Aa = 0 depends 
on the difference in valence between the host and 
solute elements, those elements having K = 0 at Aa 
= 0 apparently have the same valence as aluminum. 
Consequently, the data of fig. 13 suggest that alu- 
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Fig. 13—Variation of the observed values of K with 
the absolute value of the change in lattice para- 
meter for 1 at. pct of solute element. 
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Fig. 14—Variation of flow stress with K x< at. pet 
for strains of E = 0.05, 0.10, and 0.20 at 295°K. 


minum is bivalent in the metallic state since the 
line for the bivalent elements passes through the 
origin of the K-Aa plot. 

The choice of a valence of two for aluminum may 
at first be somewhat disconcerting. The agreement 
and order which will be shown to result from this 
choice for correlating the present data on solid solu- 
tion hardening will strengthen the utility if not the 
actual validity of this choice. But for the present 
it appears to be desirable to reflect on the possible 
existence of other data that also infer that the va- 
lence of aluminum in the metallic state might be 
anomalous. It is well known that the melting tem- 
peratures of the metallic elements in any normal 
period of the periodic table increase rather uni- 
formly with their atomic number. This normal in- 
crease, however, is not observed when considering 
the melting temperatures of Mg (12) and Al (18). 


Table VIII. Comparisons of Observed and Calculated 


K Values 

Alloy K Obs. K Cale 
Copper 1.00 1.00 
Germanium 0.64 0.63 
Magnesium 0.37 0.37 
Cadmium 0.33 0.36 
Silver 0.15 0.15 
Zine 0.071 0.069 


As a matter of fact the melting temperature for 
aluminum is practically the same as that for mag- 
nesium suggesting that aluminum also has a valence 
of about two in the metallic state. Secondly, the 
atomic radii of the metallic elements decrease with 
increasing atomic number. The difference between 
the atomic radii of Mg (12) and Al (13), however, 
is less than normal for a change in valence from 
two to three. Here again the experimental evidence 


- suggests that aluminum is ionized only partially in 


- Guseva published in Bull. Acad. Sci. 


curves and the th 


approximately bivalent ions’’. 


the metallic state. Such observations as these sup- 
port the contention that aluminum might actually 
contribute about two rather than three electrons to 


the metallic bond.* 


* After the draft of this report had been compieted the author's 

z i i icle by N. V. Ageev and L. N. 
attention was directed to an article pe ig ee sei, chim. 
- neerni the “Distribution of the ectron 

eed Sie Rrcmitnurn”. An abstract of this article reveals 
that “Comparison between the experimental (structure factor) 
I eoretical curves drawn for Ai+ end Al‘t+ leads 
to the conclusion that in the metal erystal lattice, Al is present as 


Assuming that aluminum contributes only two 
valence electrons to the metallic bond, the change in 
free electron concentration per atom for each atomic 
percent of a solute atom of valence v is given by 


melts v—2, : 
Wi, £100 cal 


Since electronic hardening occurs when Av is nega- 
tive, as in the case of Ag, K is probably an even 
powered function of Av. But in view of the small 
changes in the average number of electrons per atom 
it will be appropriate to assume that K is not only 
a linear function of | Aa| but also a linear function 
OL | Ave 


Consequently, we assume that 
K =k, | Aa|-+ k,| Av| + ks | Aa |] Av | [5] 


Using the experimentally determined K values for 
pure aluminum, magnesium, silver and copper to 
evaluate the constants k,, k., and k,, we find that 


K = 102|sa|+15]av|+7,000|Aa|jav| [6] 


To check the nominal validity of this approach, the 
values of K for the remaining elements were cal- 
culated as shown in table VIII from the known 
values of | Aa| and | Av |. The rather good agree- 
ment between the calculated and observed values of 
K for Ge, Cd, and Zn suggests that this method has 
value. 

If now, the above procedure for isolating the 
factors responsible for solution hardening is valid, 
it should be possible to express the flow stress, o, 
for given strains and temperatures directly in terms 
of 


{102 | Aa | + 15 | Av | + 7,000 |-++ 7,000 | Aa || Av |} 
X (at. pct solute) [7] 


One such plot for atmospheric temperature and a 
series of strains is shown in fig. 14. Since the data 
for all of the alloys which were investigated here 
all fall on a single curve the concept is verified. 
Other plots of the flow stress vs. the factor of ex- 
pression (7) for all other strains and all other tem- 
peratures that were investigated show similar corre- 
lations. 


Conclusions 


1. Solute elements invariably increase the 
strength of alpha solid solutions. 

2. Additions of solute elements not only increase 
the initial flow stress but also induce greater rates 
of strain hardening. 

3. The uniform strain in tension testing appears 
to be only slightly affected by increasing alloying 
content of the solute element. In general the uniform 
strain decreases slightly with increasing alloying 
concentrations of a solute element. 

4. The effect of alloying additions in increasing 
the flow stress of aluminum alloys is more pro- 
nounced at atmospheric temperature than at any 
lower temperature. 

5. Lattice strains are one factor involved in solid 
solution strengthening. 

6. Other factors, presumably the difference in 
valence between the solute and solvent metals, are 
also present as evidenced by the Al-Ag alloys; silver 
causes appreciable solution strengthening in spite 
of the fact that it causes practically no lattice strain 
when dissolved in aluminum. 

7. Equivalent concentrations of the various ele- 
ments all yield approximately the same stress-strain 
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curves. The equivalent concentration for each ele- 
ment is a linear function of its atomic percent when 
the alloying addition is of the magnitude studied in 
this investigation. 

8. The equivalent concentration for any element 
can be calculated from E = {102 | Aa | +15 | Av | 
+ 7,000 | Aa || Av |} X (at. pet solute) where 


Aa = the change in lattice constant per 1 at. 
pct solute, and 

Av =— the change in the number of electrons 
per atom upon addition of 1 at. pct of 
the solute. 


9. Aluminum appears to contribute about two 
electrons per atom toward the metallic bond in its 


alloys. 
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TECHNICAL NOTE 


The Densification of Pre-Reduced Copper Powder Compacts 


in Vacuum and in Hydrogen 


by Charles B. Jordan and Pol Duwez 


A STUDY of the increase in density of copper 
powder compacts as a function of the time and 
temperature of sintering has been previously re- 
ported.’ The present note will describe the results 
of a series of experiments under conditions similar 
in all respects to those of the first series, except that 
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(hr) 


TIME 


75 8 85 fc) 95 10 10.5 
(10° 47°K) 


Fig. 1—Relation between time and reciprocal of 
temperature for various values of densification 
parameter; vacuum sintering. 


the copper powder was reduced for several hours 
in hydrogen at 500° or 600°F before pressing. 
The results were plotted, as in the previous paper,’ 
in terms of the variation of the densification para- 
meter o as a function of time and temperature. 
These curves are not qualitatively different from 
those shown in figs. 1 and 2 of ref. 1, and hence 
are not given here. The curves of constant o on a 
plot of log t vs. 1/T (where t represents time and T 
absolute temperature) are quite different, however, 
and are shown herewith as figs. 1 and 2. It is at 
once evident that these curves have a pronounced 
positive curvature and could not even approximately 
be represented as straight lines. Correspondingly, 
the densification of pre-reduced copper powder 
compacts cannot be described as a rate process 
governed by a single well-defined heat of activation. 
In view of this result, it appears that the slight 
curvature noted in figs. 3 and 4 of ref. 1 is significant. 
The situation may be described by stating that the 
value of Q (the molal heat of activation) increases 
during sintering, the effect being much more pro- 
nounced in the case of pre-reduced copper powder. 
For the latter case, the values of Q for a sintering 
time of % to 1 hr may be evaluated from the graphs 
of figs. 1 and 2 to be about 31,000 cal per mol for 
vacuum sintering, and about 46,000 cal per mol for 
hydrogen sintering. These values are much lower 


TIME (hr) 


8 85 9 95 10 
1/T (10°47°K) 


10.5 


Fig. 2—Relation between time and reciprocal of 
temperature for various values of densification 
parameter; hydrogen sintering. 


than those obtained from the straight line approxi- 
mations of ref. 1, which were 128,000 cal per mol 
for vacuum sintering and 80,000 cal per mol for 
hydrogen sintering. The effect of pre-reducing 
therefore has been to reduce considerably the value 
of Q at relatively short sintering times. This result 
is quite reasonable, for the oxide film must impede 
densification to a degree which is at first large, and 
decreases progressively as the film is punctured and 
broken up. It is also of interest to note that for 
pre-reduced powder Q is lower in hydrogen than in 
vacuum (for longer time as well as for the short- 
time values given above), whereas the reverse is 
true for powder which was not pre-reduced. 
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Corrections 


In the February 1950 issue: 


TP 2763 E. The Extrusion of Powdered Magnesium Alloys by R. S. 


TE. Leontis. P. 306, fig. 16: The point for 50 Ml + 50 AZ31 (solid black dot) at a stress of 
ap stron eitieraus an arrow on it pointing to the right and indicating that the bar at this stress did 


lO peek ls 


In the March 1950 issue: TP 2720 CDE. The Graphical Representation of Metallurgical Equilibria by 
©. J. Osborn. P. 607, fig. 7:. The abscissa should read “°K” instead of “°C”. 
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The Properties of Some Magnesium-Lithium Alloys 


Containing Aluminum and. Zinc 


by Robert S. Busk, Donald L. Leman, 
and John J. Casey 


The mechanical properties and the phase-temperature relation- 
ships of magnesium-lithium-aluminum, magnesium-lithium-zinc, and 
magnesium-lithium-aluminum-zinc alloys are presented. It is shown 
that the strengths of some of these alloys can be tripled by heat 
treating and aging but that the high strength is accompanied by 

brittleness and lack of stability. 


AGNESIUM-LITHIUM alloys are interesting 

because the hexagonal structure of magnesium 
can be changed into the more ductile and workable 
body-centered cubic structure by the addition of 
only 10 pct lithium.* 

After Loonam’ determined that the ductility of 
the magnesium-lithium alloys is destroyed by even 
trace quantities of sodium, it was possible to prepare 
ductile alloys and study their mechanical properties. 
Jackson*® and coworkers have ably described their 
results with both the binary and polynary magne- 
sium-lithium alloys. 

The present paper is a report of the mechanical 
properties of wrought magnesium-lithium-alumin- 
um, magnesium-lithium-zinc, and magnesium-lithi- 
um-aluminum-zine alloys. 


Experimental Procedure 


The alloys were made by melting 7 lb of mag- 
nesium in a steel crucible under a molten flux of 
75 pct LiCl + 25 pct LiF’ previously dried at 1600°F. 


ROBERT S. BUSK, Member AIME, DONALD L. 
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Magnesium Laboratories, The Dow Chemical Co., Mid- 
land, Mich. 

AIME Chicago Meeting, October 1950. 
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Transactions AIME before Dec. 15, 1950. Manuscript 
received Nov. 29, 1949; revision received April 13, 
1950. 

This work was made possible in part through the 
support of the Engineer Research and Development 
Laboratories, Fort Belvoir, Virginia, Contract Number 
W-44-009 eng 441. 


The metal was heated to 1300°F for alloying alu- 
minum and zinc and then cooled to 1250°F for 
adding lithium (sodium content: 0.01 to 0.04 pct). 
After the lithium had been alloyed, dry LiF powder 
was sprinkled on the melt to thicken the excess 
flux. After a 15 min holding period, the flux was 
skimmed off. Paraffin vapors were used to protect 
the metal as it was poured into 3 in. diam by 11 in. 
long magnesium molds. 

Billets were extruded into %-in. diam rod and 
1/16x%4-in. strip; sheet was prepared from 4x 
Y¥g-in. extruded strip, first by hot rolling and then 
by cold rolling 2 pct per pass. Hot rollability, or 
the temperature range through which the alloys 
could be rolled, was determined by rolling the strip 
two passes at 30 pct reduction per pass. Cold rolla- 
bility, or the percentage of cold reduction to cause 
detrimental cracking, was determined on 0.064-in. 
hot-rolled sheet. 

Standard ASTM procedures were followed to ob- 
tain the mechanical properties, using 0.2 pct offset 
for the yield strengths. 

The level of properties produced with commercial 
Magnesium alloys using the procedure described is 
given in a previous publication.‘ 


Results 


Magnesium - Lithium - Aluminum System: The 
good workability of magnesium-lithium alloys is 
illustrated by the data in table I, which shows ap- 
proximately how the extrusion pressure decreases 
as the amount of cubic phase increases. 

Binary magnesium-lithium alloys are soft and 
weak, but aluminum raises their strengths con- 
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Table I. Initial Pressure Requirement of Magnesium- 
Lithium-Aluminum Alloys Compared to Commercial 
AZ80 Alloy 


Extrusion Pressure, psi 


Extrusion AZ80* 

Tempera- 8.5 Pct Al 
ture, +0.5 Pct Zn 3 Pct Li 7 Pct Li 12 Pct Li 

oF +0.2 Pct Mn +9 Pct Al* +9 Pct Alf | +9 Pct Alt 

300 >140,000 >140,000 >140,000 106,000 
400 >140,000 >140,000 140,000 70,000 
500 140,000 127,000 117,000 46,000 
600 90,000 92,000 79,000 31,000 
700 64,000 68,000 54,000 
800 52,000 


* 100 pct hexagonal. , 
+ Mixture of hexagonal and cubic. 
$100 pct cubic. 


siderably as illustrated by the data in table I. The 
most striking feature of the cubic alloy is its re- 
sponse to a heat treatment at 700°F followed by a 
rapid quench. The compressive yield strength is 
raised to levels not yet attained by any other mag- 
-nesium-base alloy. At the same time, the metal be- 
comes extremely brittle, to the extent that there is 
failure in tension before any appreciable plastic 
deformation occurs, resulting in a tensile strength 
much lower than the compressive yield strength. 
This extreme hardness and brittleness disappear 


rapidly after heating at temperatures as low as 


? 


a 


7 


4 


7 


, 


, 


180°F; after only 16 hr, the properties are similar 


— to those before heat treatment. These effects persist 


with 10 pct of hexagonal metal present, but largely 
disappear when as much as 40 pct hexagonal metal 


is present. y 
The three characteristics of hardening upon heat 


treating and quenching, of extreme brittleness as- 


~ sociated with high strength, and of lack of stability 


hi i t low 
of the high-strength levels upon heating at 
temperatures are all typical of magnesium-lithium- 
aluminum alloys of predominantly cubic structure. 


Fig. 1—Electron micrographs of 
Mg + 12.5 pet Li + 10 pet Al. 


Heat treated 1 hr at 700°F, oil quench plus 

180°F aging. Methyl iodide etchant. 

X8000. Reduced approximately one third 
in reproduction. 


b X-ray Data Metallography 


a. Aged at room temperature only 


Cubic matrix, Rough back- 
high ground 
AILi, high Boundary par- 


MgLieAl, trace 


ticles 
Matrix fine ppte. 


b. Aged 4 hr at 180°F 


Cubic matrix, 
high 
AlLi, high 


MgLicAl, some 


Rough back- 
ground 
Boundary par- 
ticles 

Matrix fine ppte. 


c. Aged 24 hr at 180°F 


Cubic matrix, Rough back- 

high ground 

AILi, high Boundary par- 
d ticles 


MgLieAl, high Matrix precipitate 


d. Aged 72 hr at 180°F 


Cubic matrix, Rough back- 

high ground 

AIlLi, high Boundary par- 
ticles 


MgLicAl, high Matrix precipitate 


Table III gives data for a series of magnesium- 
lithium-aluminum alloys, including wholly hexa- 
gonal (3 pct lithium), hexagonal plus cubic (7 pct 
lithium and 9 pct lithium) and wholly cubic (12.5 and 
16 pct lithium) types. Compressive yield strengths 
greater than 60,000 psi and values as high as 74,000 
psi are obtained. This degree of hardening depends 
upon both proper lithium and aluminum contents. 
As also noted by Jackson,* increasing lithium in- 
creases stability. Thus when 16 pct lithium is used, 
the values obtained after quenching are more stable 
than those obtained with 12 pct lithium, but the 
metal is very brittle. The data for cold-rolled metal 
are interesting in that the wholly cubic metal is not 
hardened by rolling at room temperature. This also 
was discussed by Jackson® and is generally true of 
cubic magnesium-lithium type alloys. 

The source of the hardening, brittleness, and in- 
stability of these alloys was investigated. It was 
considered that the hardening was most probably 


Table II. Effect of Hexagonal Phase on Properties of 
Extruded Magnesium + Lithium + 6 pet Aluminum 


Alloys 
Actual Pet 
Composition kee 1000 psi 
: agonal 
Pct Li|Pct Al| Phase Treatment* Pct E| TYS |CYS| Ts 
11.4 6.3 0 |As extruded 10 | 41 | 40 | 44 
1 hr 700°F 0 67 | 44 
lhr 700°F + 16 hr 180°F| 10 | 34 | 37 | 43 
1hr 700°F + 48 hri18s0°F | 20 31 | 31 | 40 
10.4 | 6.5 10 |As extruded 6 | 40 | 42 | ag 
1 hr 700°F 2 46 | 62 | 59 
thr 700°F + 16 hr 180°F | 17 35 | 38 | 46 
1hr700°F + 48 hr 180°F | 23 34 | 32 | 4g 
9.9 5.5 40 |As extruded 10 39 | 42 

1 hr 700°F 10 | 42) | 517/'44 
1hr 700°F + 16hr 180°F | 25 | 30 | 34 | 50 
lhr 700°F + 48hriso0°F | 23 | 29 | 33 | 40 


| 40 


* Properties are for %-in. rod extruded at 450°F. The 700°F 
heat treatment was followed by a water quench. 
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Table II. Properties of Magnesium-Lithium-Aluminum ALLOYS 


Extruded Properties (1000 psi) 
36 In. Rod Cold Rolled Properties 
Comp. Yield 
Strength Cola 
erae es 2 1000 psi Rolla- 
Vira Heat i psi bility, 
sition Treated* 5 Ft per Min Pct 1000 psi Fee ey 
eeere BE con tys | cys | Ts Roll 
Pct Li |Pct Al Theatede 180°F |PctE|TYS|CYS| TS | Roll | PctE | TYS | C¥S TS Roll | Pct E | Roll 
7 48 39 
3 3 iY 18+ 93,920 ile |) SE 10 7 39 30 Be ee 44 AA ae = 
3 6 21 23+ 20 | 26 | 22 | 40 10 6 44 36 ae 2 6 es 
3 9 26 35+ i || && 29 | 47 3 6 39 32 
tl eta ja tela) ele] | ee |e | | | ae eee 
@) || Oy 
7 9 z 3G @ || Su 33 | 40 10 1 44, 44 49 20 43 23 
slzi/alz2 lsisl#(s#|#/8/8/8/8]8 | 2] 2) 8 |e | 3 
: 4 es 28 eae 42 66 6 33 35 41 + 
34 37) eat 28 8 35 35 
3 8 33 & 2 36 39 | 42 28 5 34 34 41 66 1 32 37 37 ES 
9 10 36 34 5 | 36 39 | 42 Ee 
9 12 35 34 SESS 40 | 45 
13 23 25 27 t 
24 ig || SE 35 | 35 28 15 26 25 29 66 
ioe 7 40 32 iy || ae | BS |e | Be 15 25 26 29 66 17 24 27 29 i 
12.5 6 67 39 1 | BY 35 | 36 28 18 27 23 31 66 15 a a 
12.5 8 67 40 i || ey |) Ry |) Bi 28 18 26 27 31 66 15 25 ‘ 
12.5 10 73 41 ae || oop || Si || Sie 28 12 25 26 30 be. es t 
12.5 12 74 40 swiss, | 34.) |ean 28 10 24 25 30 66 11 25 t 
26 28 t 
14 18 1 |), aye | Sy |) £2 28 9 24 24 26 66 8 25 
18 4 29 33 6 | 28 | 34 | 33 28 11 25 25 29 66 10 26 26 30 t 
16 6 42, 48 1) || Be 35 | 36 28 13 Phe 26 31 66 12 27 29 33 t 
16 8 51 55 ot 34 | 35 28 12 27 27 31 66 12 27 28 34 t 
16 10 52 57 6 | 33 ayy || BEE 28 24 28 28 32 66 10 28 29 35 t 
16 12 54 52 me || Bp | BY |) Size 28 8 28 28 33 66 6 28 29 35 5 


* Heat treated 1 hr at 700°F. 
+150 hr at 150°F. 
+ Greater than 70 pct. 


an age-hardening phenomenon and X-ray diffrac- 
tion was used to determine whether any phases were 
present that would be expected to contribute to the 
hardening found. Table IV gives the phases found 
as a function of heat treatment for a magnesium ++ 
12.5 pct lithium + 10 pct aluminum alloy. AILi is 
a body-centered cubic compound with a B32 struc- 
ture (NaTl1 type). MgLi,Al is derived from the B32 
(AlLi) structure by replacing half of the aluminum 
atoms by magnesium atoms. It was assigned the 
tentative formula MghLi- LiAl by Jackson.* It is 
believed that MgLi,Al is the hardening phase since 
analysis of reflections from single grains showed 
that the (100) planes for MgLi,Al are parallel to the 
(100) planes for the magnesium-lithium solid solu- 
tion, and since the lattice dimensions of MgLi,Al 
differ from the matrix by about 5 pct. 

Table IV shows that under equilibrium conditions 
this composition is apparently single phase (cubic 
solid-solution) above 750°F, is two phase (cubic 
solid-solution plus AlLi) from 300° to 750°F, and 
also two phase below 225°F (cubic solid-solution 
plus MgLi,Al). Assuming this is correct, there must 
be a three phase region between 225° and 300°F. 
This most probably consists of cubic solid-solution, 
MgLi,Al, and AlLi. It is believed that the poor prop- 
erty stability at low temperatures is related to the 
low temperature at which the hardening phase 
(MgLi,Al) transforms to AlLi. 

When the magnesium -+ 12.5 pct lithium ++ 10 pct 
aluminum alloy is in the fully hardened condition, 
the brittle fracture is at the grain boundary. One 
specimen was prepared with a grain size of 0.05 in., 
heat treated 1 hr at 700°F, quenched, and fractured. 
A single grain was then removed from the fractured 
surface. This grain could be compressed to a flat 
disc without cracking. A second grain was removed, 
compressed 10 pct, sealed in an evacuated tube, re- 
heated 15 min at 700°F, and quenched. When this 
grain was compressed, it fractured immediately 
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along the new boundaries formed by recrystalliza- 
tion and grain growth. Once the fractures had 
separated the grains, each individual grain com- 
pressed without further cracking. Thus the cause 
of embrittling is localized at the grain boundary and 
is something that forms as the boundaries are 
produced. 

Analyses of etching solutions that had been in 
contact with fractured and sawed surfaces of both 
brittle and ductile material, indicated that there is 
a tendency for the fracture of the brittle alloy to 
seek out higher sodium regions. Since the fracture 
is at the grain boundary, there is apparently some 
concentration of sodium at the grain boundaries. 

The electron micrographs in fig. 1 give evidence of 
the concentration of something at the grain 
boundaries. 


Table IV. X-Ray Diffraction Data on a Magnesium + 
12.5 pet Lithium + 10 pct Aluminum Alloy 


3g-in. rod extruded at 450°F—3 ft per min. 


Phases Present 


Heat 


AILi MgLicAl 

Treatment* do = ~6.40A do = ~6.7A 
1 hr 700°F High Trace 
lhr 700°F + 24 hr 225°F High High 
1 hr 750°F None High 

1 hr 800°F None High 
lhr 800°F + 24 hr 225°F None High 
1hr 800°F + 1hr300°F High Trace 
lhr 800°F + 1hr 400°F High None 
lhr 800°F + 1hr500°F High None 
lhr 800°F + 1hr600°F High None 
lhr 800°F + lhr 700°F igh Trace 

(Somewhat 
lower) 


* All specimens were quenched in cold water after a heat treat- 
ment higher than 300°F. 


Fig. 2—Structure of Mg +- 5 pet Li 
+ 4 pet Al + 3 pct Zn. Solution 
heat treated and aged condition. 


Reduced approximately one third 
in reproduction. 

a,c,e. Photomicrographs. Phospho picral 
etchant. X1000. 

b, d, f. Electron micrographs. Methyl 
iodide etchant. X8000. 

a,b. Hotrolled + % hr at 700°F, 

c,d. Hotrolled + 4% hrat 700°F + 24hr 


at 225°F, 
e, f. Hot rolled + %hrat 700°F + Lhr 
at 400°F. 
c 
e 
Table V. Properties of Magnesium-Lithium-Zine Alloys 
Nominal As Extruded* Heat Treated; HT +5 days 95°F HT +48 hr 180°F wile ola 
Compo- olla- olla- 
sition 1000 psi 1000 psi 1000 psi 1000 psi bility bility, 
2 Senna Se Sere Rolling Pct Cold 
Pet Li | Pct Zn | PetE | TYS|CYS| TS | PctE | TYS|CYS| TS | PctE |TYS|CYS| TS |PctE |TYS|CYS| TS | Range (°F) | Roll 
3 3 25 200) 819) 13s 10 10 300-700 53 
3 6 23 24 | 24 | 38 12 12 400-600 45 
3 9 20 oe RI me ie 17 17 400-600 41 
7 3 26 22 6025 wt 29 ils 19 200-600 >70 
7 6 20 21 Nees E35 27 27 200-600 >70 
7 9 16 28 | 29 | 36 30 33 200-600 >70 
iF 12 11 Se Pe (RE f 1 47 | 38 | 58 28 30 | 32 | 43 200-600 
7 14 9 39 | 40 | 46 2 46 | 47 | 66 5 49 | 45 | 63 | 26 32 | 35 | 44 200-600 
7 16 40 1 60 | 52 | 67 2 52 | 49 | 64 | 25 308 33° |) 42 200-600 
7 20 3 44 | 44 | 51 0 60 | 62 | 65 1 || a |) ey pe 34 | 37 | 48 300-600 
7 25 2 46 | 47 | 50 0 75 | 59 0 54 | 70 | 64 9 35 | 35 | 45 400-600 
4) 35 1 52 | 56 | 55 0 86 | 51 0 78 58 2 37 | 39 | 44 500-600 
5 43 | 43 | 46 35 25 sl 2Geinoe 200-600 
19 10 3 48 ee 32 0 50 | 46 35 OY} |) PS |||) BB} 200-600 
10 12 4 50 | 52 | 54 0 53 | 38 29 93:0) 29ST 200-600 
14 5 52°) 57 || 58 0 60 | 41 0 59 | 37 | 30 29 | 33 | 39 200-600 
10 16 5 51 ES ee ey 0 74 35 0 34 | 20 34 | 36 | 42 200-600 
10 20 4 50 | 54 | 56 0 1 | 6S 0 32 5 37 | 41 | 49 200-600 
te 25 2 42 | 40 | 48 0 68 | 40 0 8145 aad 37 | 38 | 49 300-600 
3 35 0 51 | 47 0 71 jes 0 63) 539) 0.5 | 38 | 41 | 46 600-600 
15 iy? 200-600 70 
eB) eg | m / 8) R |B 23 : aoa | 
35 FH 
rr 0 é 48 aa 50 4 Sor | 35 ae ov 28 26 | 29 | 34 200-600 
oe a2 6 43 54 | 46 0 43 | 34 25 Oe) || Bp 38 200-600 
16. 4:47 1.23 25 ly SIGE || PS 200-600 
ie : 19 i9 a 36 ‘ 18 119 | 25 24 1s | 19 | 25 200-300 
oe : 17 21 | 22 | 28 14 20 | 21 26 23 PY Merah |) FD 200-300 
16 12 15 | 23 | 24 | 30 | 9 | 23 | 93 | 27 22 | 22 | 23 | 30 | 200-300 


ee 


* Rod extruded at 5 
+ Heat treated or HT = 


5 ft per min at 450° to 500°F. 
% br 


———— 


hr 700°F, cold water quench. 
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a 
Fig. 3—Structure of Mg + 5 pet 
Li + 4 pct Al + 3 pet Zn. Solu- 
tion heat treated, cold rolled, and 
aged condition. 
Reduced approximately one third 
in reproduction. 
a, c, e. Photomicrographs. Phospho picral 
etchant. X1000. 
b, d, f. Electron micrographs. Methyl io- 
dide etchant. X8000. 
a,b. Hot rolled + % hr at 700°F + 10 
pet cold roll. 
c,d. Hot rolled + % hr at 700°F + 10 
pet cold roll + 24 hr at 225°F. 
e,f. Hot rolled + % hr at 700°F + 10 c 
pet cold roll + 1 hr at 400°F. 
e 


These experiments, it is believed, show that the 
brittleness is due to an envelope of AlLi and some 
concentration of sodium at the grain boundary. The 
adherence of this envelope to the matrix has a finite 


Table VI. X-Ray Diffraction Data on a Magnesium + 
7 pet Lithium + 16 pct Zinc Composition 


3%-in. rod extruded at 450°F—3 ft per min 


Phases Present 


Heat 
Treatment* MgLiZn MgLivZn 
A = ~7.46A do = ~6.7A 

% hr 750°F (base) Very low High 
Base + 24 hr 225°F Very low High 
Base + l1hr300°F Very low High 
Base + 1 hr 300°F + 24 hr 225°F Very low High 
Base + l1hr400°F High Trace 
Base + lhr 400°F + 24 hr 225°F High Trace 
Base + 1hr500°F High Low 
Base + 1 hr 500°F + 24hr 225°F High Low 
Base + 1 hr 600°F High Medium 
Base + l1hr 600°F + 24 hr 225°F High Medium 
Base + 1hr 700°F High Medium 
Base + lhr 700°F + 24 hr 225°F High Medium 


* All specimens were quenched in cold water after a heat treat- 
ment higher than 225°F, 


value, and if the proportional limit of the metal is 
below this value, plastic deformation can occur. If, 
however, the proportional limit of the metal is above 
this value, separation at the grain boundary will 
occur before plastic deformation can take place. 


Magnesium-Lithium-Zinc System: Although the 
properties of the magnesium-lithium-zine system 
(table V) are similar in most respects to those of the 
magnesium-lithium-aluminum, there are some dif- 
ferences. The hardening reaction is prominent even 
in the presence of 50 pct hexagonal metal; the 
strengths are higher; and the alloys.are less brittle. 
Electron micrographs show that the grain boundaries 
are cleaner than those in the magnesium-lithium- 
aluminum alloys. 

The X-ray data given in table VI show the mag- 
nesium-lithium-zinc system to be analogous in every 
respect to the magnesium-lithium-aluminum system 
with replacement of MgLiZn for AlLi and MgLi,Zn 
for MgLi.Al. 


Magnesium - Lithium - Aluminum - Zinc System: 
The alloys of the quaternary system are different 
from either of the ternary systems in that the most 
interesting compositions are mainly hexagonal. 
These alloys respond to the technique of heat treat- 
ing, and then cold working followed by aging, as 
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Table VII. Properties of Rolled Magnesium-Lithium-Aluminum-Zine Alloys 


Rolled Properties 
Heat Treated* Heat Treated + 
Cold Rolled + 
Nominal 48 Hr 225°F Hot Cold 
Composition Rolla- Rolla- 
bilit bilit 
1000 psi 1000 psi me Mais 
cb re cs Ae Pht cen ce Pct Rolling Pct Cold 
E TYS CYS TS Range (°F) Roll 
| 
3 0 1 23 13 12 24 16 
3 23 19 26 - 
3 0 3 27 | 16 11 27 15 yi 22 34 300700 48 
3 2 0 24 2 
= - » ee 29 13 28 24 34 300-700 55 
= : a 30 14 31 27 38 300-700 45 
23 15 33 11 36 34 44 400-600 38 
3 4 0 22 23 15 34 12 34 Z 
8 41 400-700 40 
; ‘ . 20 24 15 34 16 34 31 42 400-700 38 
19 27 17 37 10 41 38 49 400-600 29 
5 0 1 30 13 13 22 18 21 23 
27 - 
5 0 3 28 17 13 28 14 28 29 33 eorinen a 
5 2 0 24 17 16 27 15 25 26 32 
200-700 54 
S 2 1 24 19 be 30 25. 29 30 37 300-700 45 
3 21 26 20 36 fs? 38 36 44 400-700 35 
5 2 Kg 17 32 23 42 3 43 44 52 400-700 29 
5 + 0 21 23 18 32 14 33 33 40 
300-700 37 
5 4 1 20 25 19 34 13 38 37 44 300-700 33 
5 4 3 j 8 | 30 22 39 6 45 45 53 400-600 29 
5 4 7 13 34 29 43 2 49 51 56 400-600 26 
5 6 = 15 32 24 41 3 49 49 54 400-600 26 
5 6 a 12 34 30 44 2 47 51 54 400-600 25 
5 8 1 26 a 42 48 52 400-600 23 
5 8 3 12 50 1 49 52 55 400-600 23 
5 8 7 a 31 47 0 56 39 400-600 24 
5 8 12 3 40 46 0 61 42 500-600 18 
5 10 5 9 36 31 49 0.5 53 57 60 400-600 
5 12 5 6 38 34 51 0 58 34 5002800 33 
7 2 3 15 27 32 41 14 33 34 41+ 200-600 49 
7 2 7 8 34 34 49 13 36 39 47 200-600 36 
7 4 3 7 33 32 46 6 35 42 49 200-600 36 
wf 4 Z 2 39 40 53 3 42 43 54 200-600 30 
7 6 0 15 30 25 39 2 37 43 46 400-600 33 
7 6 3 10 36 34 46 2 46 47 Ds 300-600 29 
7 6 7 7 32 35 47 5 38 44 SP 300-600 28 
vf 8 1 6 31 33 43 0.5 46 53 5l 400-600 29 
7 8 3 6 31 41 1 48 52 55 400-600 26 
7 8 tf 5 34 36 44 1 50 55 56 400-600 25 
a, 8 12 2 39 42 48 0 58 35+ 500-600 22 
7 12 5 4 37 46 x 51 55 55 500-600 28 
9 2 3 12 41 43 43 16 25 28 34 200-600 64 
9 2 7 3 56 59 58 21 32 30 39 200-600 63 
9 4 3 3 51 56 57 15 31 31 39 200-600 49 
9 4 7 0.5 59 59 60 7 33 33 45+ 200-600 5 
9 6 3 4 46 47 53 11 29 32 39 200-600 32 
9 6 7 1 51 52 60 6 36 37 47+ 200-600 10 
9 8 1 2 42 42 54 3 35 38 44 300-600 23 
9 8 3 2 43 41 53 3 33 37 44 300-600 23 
9 8 7 54 55 60 3 32 36 45 300-600 13 
9 8 12 0.5 53 52 63 2 34 41 47 300-600 8 
9 10 5 3 ay 36 51 a 37 Ad 48 400-600 23 
6 = 5 2 37 37 51 i 42 45 48 400-600 24 


* Heat treated, % hr 700°F, cold water quench. 
+ Aged 24 hr at 225°F. 


illustrated by the properties of a magnesium + 5 pct 
lithium -+ 2 pct aluminum -+ 5 pet zine alloy: 


1000 psi 
Pct E TYS CYS TS 
1. Extruded + % hr 700°F 
water quench 24 26 25 38 
2. No. 1+ 48 hr at 180°F 22 26 22 40 
3. Rolled + % hr 700°F ‘ a 
10 pet cold roll 12 39 3 
4 No. 3+ 48 hr at 180°F 11 42 41 49 


a 


a a ee 


The hardening phase in these alloys is (Al,Zn) Li, 
compound with the same structure as AlLi but 


_ containing an indefinite amount of zinc. 


Marked differences exist between the hardening 
produced by aging directly from the solution heat- 
treated condition and that produced by cold rolling 
before the aging treatment. Fig. 2 shows the lamel- 
lar precipitate of (Al,Zn) Li, the formation of which 
is associated with little or no strengthening and a 
decrease in the percentage of elongation. However, 
strength does increase on aging metal which has 
been cold rolled. The precipitate is now in the form 
of discrete globular particles as shown in fig. 3. 
Thus the (Al,Zn)Li phase can be made a hardening 
constituent in the magnesium-lithium-aluminum- 
zinc alloys. 
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The properties of a number of magnesium-lith- 
ium-aluminum-zine alloys are given in table VII. 
Maximum properties in the cold-rolled and aged 
conditions occur at 5 and 7 pct lithium. When 9 pct 
lithium is used, the characteristics noted for the 
ternary systems are apparent. Maximum strength is 
obtained upon heat treating and quenching and the 
high-strength levels are not stable for extended 
periods at low temperatures. 

Although many of these alloys have stable 
strength and elongation values superior to those of 
the high-strength commercial sheet alloy AZ31h, 
they have low notch toughness. Magnesium + 
5 pet lithium + 4 pct aluminum + 3 pct zinc, at a 
level of 45,000 psi tensile and compressive yield 
strength, has a notch bend energy value of 2.5 in.-lb. 
Even when processed to a strength level comparable 
to that of AZ31h, the toughness is less than 11 in.-lb, 
the typical value for AZ31h.° 

The stress corrosion sensitivity of the magnesium- 
lithium-aluminum-zinc alloys is also below normal. 
The sustained stress which will not cause failure 
for an extended period of time is less than 10,000 
psi. This value was determined in a rural atmos- 
phere using the spring-load tension test described 
by Loose and Barbian.° 


Summary 


1. Lithium increases the workability of magne- 
sium-aluminum, magnesium-zinc, and magnesium- 
aluminum-zinc alloys. This increase is caused by 
the cubic phase that lithium produces. 

2. Magnesium-lithium-aluminum alloys have 
very high strengths in the hardened state accom- 
panied by extreme brittleness and lack of stability 
on heating at temperatures as low as 180°F. Mag- 
nesium-lithium-zine alloys are similar except that 
they are less brittle. 

3. The precipitation of Mghi,X (where X is 
aluminum or zinc) on quenching from solution heat- 
treated condition produces the high hardness of 


TECHNICAL NOTE 


these alloys. The property instability 1s due to Low- 
temperature agglomeration and growth : of the 
MgLi,X phase which is unstable above 300°F. 

4. A continuous envelope of AlLi at the grain 
boundaries causes the extreme brittleness of mag- 
nesium-lithium-aluminum alloys. A concentration 
of sodium at the grain boundaries is believed to 
contribute to the brittleness of both magnesium- 
lithium-aluminum and magnesium-lithium-zinc 
alloys. 

5. Stable high-strength properties, with good 
elongation but low toughness, can be obtained in 
hexagonal magnesium-lithium-aluminum-zinc al- 
loys by precipitation of (Al,Zn)Li induced by heat 
treating and cold rolling. 

6. While many of the ailoys studied have prop- 
erties superior to those of commercial magnesium 
alloys, further development awaits solution of the 
problems of temperature stability, brittleness, stress 
corrosion, and low toughness at intermediate 
strengths. 
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Correlation Between Electrical and Thermal 


Conductivity in Nickel and Nickel Alloys 


by Morris E. Fine 


A Reiss electrical conductivity («) and the thermal 

conductivity (K) of metallic conductors, as 
demonstrated by Smith and Palmer’ and Hume- 
Rothery,’ are to a good approximation related by an 
empirical equation, K = A o T + B, in which T is 
the absolute temperature, and A and B are con- 
stants, the Lorenz constant and the lattice con- 


ductivity. Strictly speaking, the lattice conductivity 
1s not a constant, but to some extent depends upon 
the electronic conductivity.» By plotting K as a 
function of oT, this equation has been proved to a 
ne ea a 
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good approximation for copper,’ iron,* aluminum,’ 
and magnesium’ alloys. Such plots are valuable be- 
cause they enable calculation of an approximate 
value for the difficultly measured thermal conduc- 
tivity. 

Fig. 1 is a K-oT plot for nickel and a number of 
nickel alloys derived from data existing in the liter- 
ature. The deviations of the data from the straight 
line in fig. 1 compare favorably with the deviations 
observed by Smith and Palmer’ for copper alloys. 
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Fig. 1—Relation between thermal conductivity and 
product of electrical conductivity and absolute 
temperature in nickel and nickel alloys. 


With several exceptions the deviations are less than 


cal 


soe, The .compositionse(all\aface-~ 
deg C cm sec 


0.01 


- centered cubic), temperature ranges, and sources of 
the data are given in table I. Deviations are ex- 
pected at very low temperatures especially in pure 
metals.” ® In nickel, according to the data of Lees, 
the deviations become important below —125°C. 


Deviations are also predicted for nickel and other 
transition metals at high temperatures. Schoffield’s” 
data for nickel deviate increasingly from the 
straight line of fig. 1 as the temperature is raised 
above 304°C. However, at 691°C the deviation 


cal 


“degC cmsec No unusual 


amounts only to 0.011 
deviations are noted for any of the alloys for which 
high-temperature points are plotted. 

Application of the free electron theory of metals 
to the electronic conductivities” * gives 0.581 x 10° 


Table I, Legend for Fig. 1 


Symbol Alloy Temp. Range Reference 
(0) 99.9 NA 40 to 100°C 1l and 15 
° 99.2 Ni O to 691°C 10 
x 99 Ni -125 to 18°C 9 
A 98.5 Ni 32°C 14 
e 2 Al, 2 Mn, 1 Si 100 to 500°C 11 and 12 
v 20 4k to 198°C 16 
v 40 Cu 52 to 194°C 16 
4 33 Fe, 13 Cr, 15 and 1000°C 13 

1.4 Mn, 0.45 Si 

8 30 Cu 54°C 17 
= 10 Cr 100 to 500°C 11 and 12 
x 20 Cr 100 to 500°C 11 and 12 
= 23 Fe, 16 Cr 100 to 500°C 11 and 12 
= r 32°C 14 

26 Fe, 12 Cr 32°C 14, 
Ne 13.4 Cr, 8.5 Fe 15°C 13 
cal ohms 


—.—.~.;—— for A, the ratio between the electronic 
(deg C)’ sec 

thermal conductivity and the product of the electri- 
cal conductivity and absolute temperature. The ob- 
served value in copper alloys is 0.571 x 10°. The 
value for A in nickel alloys, 0.510 x 10°, is in good 
agreement with these. The observed lattice con- 


cal 


ductivity in nickel alloys, pO ca Cocmiecne is 
nearly the same as the value 0.018 observed in 


copper alloys. 
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